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velopment and deployment framework for visual modeling and 
dynamic simulation of virtual models of complex systems, 
which can be further integrated with monitoring (108) and con- 
trol (138) devices to monitor and control the operation of the 
complex systems modeled (102) and can be used for infor- 
mation retrieval. More particularly, the virtual models in the 
present invention relate to visual models of biochemical com- 
plex systems, comprising sets of icons representing processes 
and their participants linked into multidimensional pathways 
(1 16), further organized in a hierarchy of icons representing 
discrete time and space compartments, wherein such compart- 
ments may contain other compartments, and wherein those 
modular icons encapsulate in different layers all the informa- 
tion, data, and mathematical models that characterize and de- 
fine each virtual model. 
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CONTROL SYSTEMS BASED ON SIMULATED VIRTUAL MODELS 



I TECHNICAL FIELD 

A The present invention in its broadest form relates to computer-based systems, method* and visual interfaces fur 
providing an integrated development and deployment framework tor visual modeling and dynamic simulation or 
virtual models of complex systems, w hich can be further integrated with monitoring and control devices to 
control the operation of the complex systems modeled and can be used for information retrieval . 

Copyright Notice 

A portion of the disclosure of this patent document contains material which is subject to copyright 
protection. The copyright owner has no objection to the facsimile reproduction by anyone of the 
patent document or the patent disclosure as it appears in the Patent and Trademark Office patent file 
or records, but otherwise reserves all copyright rights whatsoever. 



II BACKGROUND ART 

A Knowledge-Based and Model-Based System for Monitoring and Control 

1 . Pruce** industries, including the pharmaceutical, biotechnology, chemical, food, environmental and anv other 
can save millions oi dollars by using artificial intelligence tor pnnress optimization to control complex 
productions facilities. Using large-scale cultivation of micmorganisms or mammalian cell* are extreme ca*e* in 
term* or complexity, when considering then a- the individual manufacturing plants involved in complex cheimc.il 
-ynmesi* Current systems monitor very general types of phenomena, such as gas pressure, pH. and in some 
occasions, the concentration of some product that correlates with cell growth or pmducnon. but those 
parameters are usually poor indicator* of how much of the desired product is produced . Complex mixture* ot 
chemical reactions can he finely controlled externally by modifying the types and amounts ot inputs add*d. it 
one could predict what will happen by adding those inputs, which requires a good knowledge and a model or 
*uch *ystem ot reactions. This is particularly the case with biological cellular systems that have a very 
sophisticated methods to transduce the signals provided by ligands in their external environment to the interior 
of the cell, resulting in the execution of specific functions. Such detailed and accessible mechanistic model* ot 
those pathways ot reactions are not currentlv used for monitoring and control systems, but would be highlv 
desirable. 

Z. Several knowledge-based systems tor monitoring and control functions have been used to include the 

knowledge of experts into the automated control of production facilities. A knowledge-based system mterpret- 
data using diverse forms of knowledge added to the system by a human domain expert including: a) slullow 
knowledge or heuristics, such as human experience and interpretation* or rules-of thumb; and b) deep 
knowledge about the system behavior and interactions. The svslems that matnlv based in the ftrst type of 
knowledge are in general referred to a* knowledge-based expert systems, and the logic i> represented in the torm 
ot production rules. In the more advanced real-time expert systems, inferencing techniques are usuallv 
data-driven using forward chaining, but can also employ backward chaining for goal-driven tasks and tor 
gathering data. The inference engine searches tor and execute?, relevant rules, which are separate from the 
inierence engine and therefore, the representation i* intrinsically declarative. 
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cnowledee available ... varies widely in precision from quantitative to qualitative", as those authors write. 
However, the domain of Moltten is a small subset of the domain of the system object or this invention. Within the 
Molgen group, the I*h.D. dissertation of P. D. Karp (included here by reference), focused on applving that 
research to the design of a computer-assisted reasoning and hypothesis formation system. In the process, the 
author "developed a qualitative biochemistry for representing theories of molecular biology", as he summarizes 
in an abstract with the same name the Al Magazine, Winter 19911, pp y-10. In particular, he developed three 
representation models to deal with the biochemical pathways related to the tryptophan operon in bacteria, 
called declarative device models, each having different capabilities and using different qualitative reasoning 
approaches. Only chapter 3, dealing with those models, have relevance in the context of this invention. The 
first model uses IntelliCorp's KEE (a commercial product) frames to describe biological objects and KEE rules to 
describe chemical reactions between the objects, which he recognizes to have serious limitations because is not 
able to represent much of the knowledge available to biologists. The objective of the second model, which is an 
extension of the fixed state-variable network of deKleer and Drown, is to predict reaction rates in a given 
reaction network, incorporating a combination of quantitative and qualitative reasoning about state-variables 
and their interdependences. The drawbacks are that this model is not able to incorporate a description of the 
biological objects that participate in the reactions, and in addition it does not have a temporal reasoning 
capabilities, representing just an static description of the state variables and their relationships. The third 
model, called CENSIM and used for both prediction and hypothesis formation, is an extension of model 1 , and is 
composed of three knowledge bases or taxonomical hierarchies of classes of a) biological objects that 
participate in the trp-operon gene-regulation system, b) descriptions of the biological reactions that can occur 
between those objects, and c) experiments with instances of those classes of objects. The CENSIM program 
predict;, experimental outcomes by determining which reactions occur between the objects in one experiment, 
that create new objects that cause new reactions. CENSIM is also further used in conjunction with the 
HYrCE.VE h\pothesis-formation program that will not be further discussed here. Characteristics of the 
CENSIM program that may be relevant, although different, for the system of this invention are: 
a i chemical objects are homogeneous populations of molecules, objects can be decomposed into their component 
parts, and identical objects synthesized during a simulation are merged; 

b) chemical pmcesses are frames arranged in an inheritance class hierarchy, which represent reactions between 
those populations as probabilistic events with two subpopulations, one that participate in the reaction and one 
that di>e> not: 

c) restrictions are specified in the form of preconditions for chemical reactions to happen 

d) those Forbus-style processes can create objects and manipulate their pmperhes. but cannot reason about 
quantitative state variables such as Quantities. In his words, "processes are described as KEE units... |that| . 
specify actions that will be taken if certain conditions hold", and in that sense are like production-rules: 

ei temporal reasoning is not available, resulting again in static representations and simulating onlv behavior in 
very short time intervals. 

4 This system integrates a variety ot forms of knowledge representation, some of them totally novel, while some of 
these forms may have been given .> previous treatment by other authors which may be similar in some of its 
aspects to the treatment given in this invention. However, upon integration into a totally new appmach. thai 
treatment becomes a part of a novel representation and innovative system. For example, regarding the 
semi-quantitative simulation component, which is just one of several applications offered by the svstem object ot 
this invention. L.E. Widman ( 1W1 ) describes a semi-quantitative simulation of dynamic systems in a totallv 
different domain What both systems have in common is the assumption that, as stated by Widman: "a 
semiquantitative mode! ... is intended to predict correctly the direction in which each variable will change and 
to provide a correct partial ordering of the magnitude of change relative to other variables in the model. . . The 
questions can 1* answered in terms of relative quantities rather than absolute quantities. . . . model parameter* 
that are not specified explicitly are given the implicit, default values of normal' funml ... ". Similar but 
different concepts are applied in developing part of the system of this invention, but as it will become clear mmi 
the detail descriptions in the following sections, not only are they applied to a new domain, but the innovative 
tools and methods used in the present implementation are also quite different. For example, while he assume* 
that " ... the default, or implicit, value of 'normal' maps onto unity for parameters and onto zero for variables... " 
the assumption in theprebuilt modular components in the current implementation differs from that statement in 
that the default, or implicit, value of normal' may map onto values other than unity for parameters and onto 
values other than /em for variables, with those values being defined based on expert knowledge. 

111. DISCLOSURE OF INVENTION 

A. This invention describes an integrated computer-based system, method-; and vi>ual interfaces for providinc a 
development and deployment framework for visual modeling and dynamic simulation or virtual models of 



WO 9*22575 PCT/US««K**> 

that characten/e and define each virtual model. 

-^r— jsssrSL. 

durable. This invention pr ides the sy*,*m and method, that a.l^ Id 



Mructure* and domain->pecitic Know iea S e i a>e .ire u r r ' ... nnwr , lH , n lM : , htf <v *wm. fpecmc 

^^^^ 



WO 96722575 



PCT/US96/D0883 



Each or the modules can be run on too of the repository module that contain the class definitions and associated 
methods, and they can be dependent or independently of each other, or they can be maintained in separate CPUs 
and seamless integrated by the Shell s supervisor. 

D. This invention includes libraries providing the p rebuilt building-blocks necessary for visually representing the 
vast breath of knowledge required for building virtual models of complex systems in general, and of biological 
systems in particular. The building-blocks are classified in palettes that can be selected through system menus 
The descriptive information and data and the mathematical models are all encapsulated within the modular 
components, in the form of attribute tables and in the form of component icons, with a plurality of methods are 
associated with each of the icons. The visual models are built by interconnecting components of each reservoir 
icon to components of the one or several process icons in which their entities participate as inputs or outputs, or 
by interconnecting components of each process icon to components of the one or several reservoir icons that 
provide inputs or receive outputs to that process icon, resulting in complex networks of multidimensional 

pa thways of alternating layers of reservoir icons and process icons, which may be located in the same on in 
different compartments. The time compartment icons, the reserv oir icons, and the process icons or their 
component comprise sets of quantitative variables and parameters, and a set of associated methods that permit 
real-nme simulations or" the models created with those modular components. The system of this invention 
combines a number of programming paradigms, integrating the visual interface to define and constrained object> 
represented by icons, with procedural and inferential con tail and quantitative and semi-quantitative 
emulation methods, providing a variety of alternatives to deal with complex dynamic systems. 

E. Of importance in simulating the behavior of complex systems is the need to model the different quantities and 
states at which the entities can be round in particular locations at different points in time, and also to model the 
events that cause the transitions from one state to another, or the translocation from one location to another, or 
the progress to the next phase in the time sequence. Some of the important teachings of this invention comprise: 
the representation of those states, transitions, and locations; the methods to implement their graphic modeling; 
and the methods to dynamically simulate the dynamics of the pools of entities in each state, location, or phase. In 
the particular domain implemented to illustrate this invention, there are several major types of states and 
transitions to be considered, depending of whether the entity to be considered is a biological svstem. organ, cell, 
cellular compartment, molecule or any other of their components. We are providing here with just a few 
examples considered in the currently preferred embodiment of this invention. 

F Hie architecture of the system of this invention allows various bioProcesses to simultaneously compete for the 
contents of a bioPool while also allows one bioPool to participate in various bioProcesses in different 
capacities, with different units within a bioPool behaving in different ways, as determined by the class of 
bioReactant to which they are distantly connected via the btoPosts. With this implementation, all bioEngines 
that input units intoa given bioPool and all the bioEngines that get input units from that bioPool are integrated 
At the same rime, all bioPools that input units into a given bioEngine and all the bioPools that get input unit* 
from that bioEngine are also linked. The result is a very complex multidimensional network of composite 
hioObjects, which provides the matrix for further reasoning and simulation by the program. For example, the 
formulas that provide the values for the encapsulated sets of variables and parameters refer to connected 
bit-Objects. K^th graphically or distantly, providing the capability of concurrently and dynamically compute a- 
J iarge number of processors arranged both in parallel and in -eries within that matnx. 

C. The modeled system's behavior is defined by mathematical components, represented by a set of model difrerenru'; 
and algebraic equations that provide the values of the system's variables and describe their behavior, together 
with the set of associated parameters that control the behavior of the variables and the system a» a whole The 
system's variables and parameters are embedded and distributed throughout the system of connected structure-, 
encapsulated within the subcomponents that define the system s architecture. The model can then be viewed a-, a 
r-et or embedded block diagram representations of the underlaying equations that can be used for dynamic 
numerical simulation and prediction of the effects of perturbations on the system, and to ask what* if tvpe 
questions. 

K The compartmentalized bioModels. and the methods attached to them, encode knowledge that enable-, the 
program to reason about the containment of different parts of the model in several compartments, white the 
architecture of the network of linked bioObjects of diverse types is transparently maintained, regardless oi the 
transfer of the bioObjecr icons to different locations. They also comprise quantitative variables and 
parameters, some relating to quantities and rates translocation, distributed either within the corresponding 
re-ervoirs and process or relating to time intervals which may be associated with the time compartments, all or 
which have asstxiated simulation formulas to compute their valuer-. In addition, the modeler can define expert 
rule- to monitor the values of those variables while the simulation is running, and to either set other value- or 
control the course of the simulation in a variety of ways. The expert rules can al.-o reason about time or abou! 
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IV BRIEF DESCRIPTION OF DRAWINGS 

FIG.1 is a high-level illustration of the various components integrated in the system of this invention 
to use the virtual models for control functions. 

FIG. 2 is an schematic representation of the organization in the system of this invention of the 
components of the virtual models in the domain of cell biology. 

FIG.3 is an schematic representation of the organization in of domain-specific processes in discrete 
space compartments an time compartments. 

FIG.4 is an schematic representation of the handling of the dynamics of the progression of 
populations of cells through different states by means of the sets of pools of cells and processes 
characteristic of this invention. 

FIG. 5 is an schematic representation of the multiple layers of linked pools of entities and processes 
the result in the multidimensional pathways characteristic of this invention. 

FIG. 6 is a more detailed representation of how the various iconic components encapsulated in the 
icons representing the pools of entities and processes are linked in the current implementation of this 
invention. 

FIG." is a detailed representation focusing on the iconic components of a process and their relations 
to its sources of inputs and the targets for its outputs. 

FIG .8 is a detailed representation focusing on the iconic components of a pool of entities and its 
inputs and outputs. 

FIG .9 shows domain menus that allow different types of access to different types of capabilities, for 
the purpose of modeling or using the virtual models, here focusing on the developer mode that 
allows developing additional tools. ' - 

FIG. 10 is the table of attributes of a complex variable structure that allows the integration of 
measured values and the simulated values that facilitates the implementation of this invention. 

FIG. 11 is a library of predefined classes of variables with associated generic simulation formulas 
associated with each class available to the modeler virtual models for a specific domain. 

FIG. 12 describes the sets of attributes of the components of a reservoir, focusing on the variables and 
parameters of its model-block component.. 

FIG.13 describes the sets of attributes of the components of a pool of entities, focusing on its 
variables and parameters. 

F1G.1J describes the sets of attributes of the components of a process, focusing on the variables and 
parameters of its reactants. 

FIG. 13 describes the sets of attributes of the components of a process, focusing on the variables and 
parameters of its engine and products. 

FIG. 16 shows domain menus of the modeler mode that allow modelers to access the different 
palettes of prebuill building-blocks. 

FIG. 17 shows examples of different palettes of prebuilt molecular components. 

FIG.19 shows an example of a complex molecular structure built with the prebuilt molecular 
components. 

FIG.19 shows a palette with examples of prebuilt model-blocks. 

FIG .20 shows a palette with examples of prebuilt composite processes. 

FIG .21 shows a palette with examples of prebuilt. reactants. 

FIG.22 describes the tools for interactively establishing links between components that result in 
multidimensional pathways. 

FIG.23 shows a palette with examples of prebuilt composite domain-specific compartments.. 

FIG.24 describes a domain-specific compartmentalization of the components of a virtual model, in 
this case focusing on (he sequential phases of a cell's cycle and on its subcellular compartments. 

FIC.25 describes a domain-specific implementation of compartmentalized model interacting with 
each other and with the external environment. 
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F1G.26 describes a domain-specific characterization of the compartmentalized mode! from an 
external point of view. 

FIG -7 describes a domain-specif ic implementation of an evolutionary tree representing the 
a ctive successive states thai a compartmenta.ized model may fo.low depend.n* on , h. ■« ^ 
,ha. depend on their internal processes responding to the environment, from an externa, pent of 



view 



FIG IS is an schematic representation of the combination of the inference and simulation 

capabilities used in this invention to simulate virtual models of complex systems. 

FIG.29 is a detailed representation of how in this invention pools of cells interact with pools of 

molecules as reactants of processes which products are either mo.ecu.es or c.Hs ,n a d.fferen. state. 

FIGJO describes an example of the predefined Query Panels and their use. 

FIG.31 describes how a user can request from any process within the virtual mode, the ^ dvnamic 

generation of the pathways of ,1. the processes that are either upstream or downstream fro m that 

process. 

FIG.32 describes an example of the predefined Navigation Panels that the user can ' 
nv eservoir within the virtual mode, for the dynamic generation 

processes that are either upstream or downstream fro m that reservo.r, but wh.ch are conta.ned 
within a compartment selected by the user. 

F.G.33 describes an example of the predefined Simulation Pane.s that the use, can request from 
anv reservoir within the virtual mode, the dynamic generation of cons.ra.ned pathways and for the 
control of the dynamic simulation of the kinetics of those pathways. 

RG34 describes how such simulation can be followed by plotting the tim.-series of any of the 
quantitative values of anv reservoir and process in the subsystem being s.mulated. 
FIG 35 describes an example of the predefined Experiment Panels that the user can select from the 
domain menus to request the dynamic generation of constrained pathways from mu.hpie .n„.a. 
points and for the control of the dynamic simulation of the kinetics of those pathways.. • 

FIG36 describes an example of such set of pathways from multiple initial points ^ 
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V BEST MODE FOR CARRYING OUT THE INVENTION 
Notes 

1 The body of the present application has sections that may contain some discussion of prior art teachings 
intermingled with discussion of innovative and specific discussion of the best mode to use that prior art in thi? 
invention as presently contemplated. To describe the preferred embodiments, it is necessary to include in the 
discussion the capabilities offered by the shell used as development and deployment framework for this 
invention (hereafter referred to as "the Shell"). The applicant specifically notes that statements made in any of 
those sections do not necessarily delimit the various inventions claimed in the present application, but rather 
are included to facilitate the process to explaining how the workings of an existing set of tools is used to 
illustrate the preferred embodiments of the new tools and applications claimed in the Claims section. The 
currently preferred embodiment of this invention, as described in the present application, is based on the 
definitions of a particular Shell: Censym Corp.'s C2 Expert System. There are several other attributes that 
relate to the Shell's built-in performance and formatting capabilities, which are not shown in those examples. 
Some information included within the body of this application was extracted from various sources describing 
the characteristics of C2, including user manuals, and some of this material is subject to copyright protection. 

A. Monitoring and Controlling the Operation of a Reactor Using a Simulated Virtual Model 

1 The system object of this invention is a hybrid combination of model-based methods describing the explicit 
mechanistic reference behavior of the production system with the input from process sensors that monitor the 
state of the production system, triggering event-based control flow of operations characteristic of each system. 
The system implements rules that wait for events to happen Such events may be complex combinations of 
individual events, such as selected measured values reaching certain predefined or simulated values, or be 
within certain predefined ranges, including the implementation of fuzzy-logic within those rules. Such rules 
may fired other rules or invoke inferencing procedures or cause certain control actions to take place. This 
system can detect the current status of the production system, and when the selected monitored variables reach 
certain values specified by the simulated values of those variables, then certain control action take place. This 
system incorporates monitoring capabilities with the knowledge-based model to provide expert control of the 
operation of the production system or biofermentor. This control system provides simultaneous superv ision of 
numerous operating variables (such as intermediary or end-products, which in the case of cellular systems can 
be intracellular or secreted), and compares them with the simulated values of those variables resulting from the 
encapsulated mathematical models. Depending on the dynamically monitored behavior of the production system, 
the control system is able to compensate by feeding components at different rates, feeding additional components, 
or stop feeding some of the previous components. 

2. Because of the user friendly and intuitive interface, the bench scientists can participate in the design of the 
pnxluction system by editing the knowledge base and the visual models themselves, incorporating information 
and data obtained in their own experimental research or that from other published resources. It allows the 
direct incorporation of research into the scale-up operations. The scientists can rapidly build models hv using 
the paradigm Clone. Connect. Configure. Initialize. They select the desired building block from the nunv palette> 
provided, clone the building block and drop it on desired compartment, connect the building block toother 
building blocks in the model, configure by entering values or attributes (optional), and initialize the building 
block to establish relationships with other building blocks in the model. The information and data is entered 
into the system as attributes of objects, either as user inputs, or directly from measuring dev ices using and 
interface benveen said measuring devices and the computer system. 

3. The system providesa graphical computation and control language, where the objects communicate through the 
links established between them. Some of those linkages are built in within the composite prebuilt building 
blocks The scientist building the model clones said prebuilt building blocks, as needed for each part of the 
model, and establishes the links between appropriate components within different building blocks, as needed 
Other information, such as the name, description, references, or the values of para meters specific for each 
component are entered by the modeler in the attribute table associated with each icon. In addition, an attribute 
may be a variable. 

■I. Variables in this system are themselves objects, and maybe of two major classes: a) one-valued variables have 
only one value which may be either provided during a simulation by a simulation formula or a simulation 
procedure, or can be in (erred by any other means, such as rules or general formulas defined by the modeler: or 
b) nvo-valued variables have two values: the simulated-value may as before be either provided during a 
simulation by a simulation formula or a simulation procedure, or can be inferred by any other means, such a- 
rules or general formulas defined by the modeler, and the measured-value is provided m rea I time through an 
external sensor mapped to said variable. The one-valued variables are used in such components by default 
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because of their smaller fooronnt. and .heir values are provided by default by generic simulation formulas that 
^mc * Teach class of vanable. However, the modeler can replace them with the equ.vafcn. subdasse, ot 
ZZSZ varies tor each .nstanceo. a component where the vanable , mapped U, an ex.ernal sensor, and 
Z t?the measured valued and the simulated value of such variable « des.red. The modeler can , » 
^nc formulas for anv desired instance of a vanable, which men ovemdes the de.au.. genenc formula, It * 
Z i e'rough anv of the inference mechan.sms to compare .he measured value and -^^valo.. 
^erthecun^.valuesor.hemapp^ 

hme-stamped historv of both tvpes of values), and take specified act.ons when ^ f «™« ™ "™ 3 «™ ; 
S^ch achon7.nc.ude. bu, are noTTmi.ed to: cause for a valve for a component teed to be mo* or ta» .per o 
c^ act.va.ion or deacnvation or whole branches of .he mode, pathways besng s.mu ated - 
a eCt,velv be invoked as a result of comparing e,«her the measured-v alue or .he s.mulated-value to anv 
p^ed -cot t n, value or range of values, or .he value of any other vanable or param e.er m j^. Or 
mTact.on or set of actions could result from inferences involving any number o. companson, benv een 
measured-values or simulated-values for any number of variables, or any number of parameter, or any 
predefined constant vaiue, 
- As shown in nC.l. the svstemsvstem of this invention is composed of: 

a, Reactor (102) which may compnse any comb.nat.on of reaction tank, fermentors, btoreactors. or other 

b) oT" 21 acquis,hon dev.ces (108) vvh,ch may compnse any ccm.bin.Hon of hardware and software 
devicL such as set, o, sensors (106) that measure the amounts of selected chem.cals ,n .he reactor. „gna. 
uan sducers. f.l.er, ampl.fier, data acqu.sit.on boards, appropnate dev.ce drivers, or any other requ.red 

c, ^ or more computer svstems (112, compns.ng CPU. memory. storage dev.ce. d.splay. user input dev.ce. Imked 

w ^r ,n he V.r.ua. Models encapsulate one or more vanab.eS (118, that represent the quanht.es o, certatn 
emu eT.n the reacror(102) and one or more vartab.es (128) that represent the quant.nes ot certam en. t^r 
2 rZ ™. ertam ev ents which when reaching certain values dunng the s.mulat.ons o, the V.r.ua. Mode), 
mi)TmT«^mrr P n>grams (114, rr.gger certa.n control aeons that affect the operanono. the reactor 
(Inland I whe^ bo.£ the computer proems ,1 14) and me Virtual Models (1 16, are loaded .n the memory o, 
one or more of the computer svstems (112); mMn . 
e, 1 or more nu^rin^ces ,120) loaded in the memory of one or more., ^ ^^^.«-». 
which act a< bridge, or software .ntertaces between the data acqu.s.non devce, (108, and the compute 
l^am 1 12, and allow pass.ng o, values (124, 126), such as the values of the amoun, o. cer.a.n , en ,,e> ,n 

Reactor (102). a, measured by the corresponding sensors (104,. to the correspond^ v anah.e, (1 W) 

embedded in the Virtual Models (116) that represent saidamounts: 

„ RC 1 also showc ,he directions of flow of data and control ,n the system of this invent.on The amounts o. 
Tena n t . . wh.ch re specific for each part.cular process des.cn. are captured (104, by 
: o bu^sensors ,106) and.^rough the data acquisition dev.ces ,104, those parsed ^ - 

mon.,onng .nter.ace vanable, which ,n rum pass *ose^ues( ^^^^^ 

Melt 1 ^ inc udmg other vanable, (128, embedded tn the V.rrua, Models (116, .ha. represent quant t,, 
Ts t h i even,, and which are mon.tored by the programs*,! 4, dunng thestmu ^- ™£> « ^ 
Z I mulahon the v alue< of anv combination of anv number of >a.d mon.tored emulated ar.able, <1>. u h.ch 
Z peel "r each P arricu.ar pn<es s des,gn, reach certain value, then .he programs <,14,pa,s con n 

lal^ i throueh .he app^pnate control aux.liary structure, (i:-2, in the controller .ntert.ee, 1 0). 
^ llS^^nZ* ufthe controller devces (138,. which .n turn conn*, the flow o, inputs,!^, and 

lg ,a,;,V r,he ope a,,on o, the b.oreactor „02,. which * b^ n.on.tored ,1041 „ a cont.nuou, manne. 
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7 Deoending on the application requirements, the interfaces may provide bridges to Supervisory Control and Data 
Acquisition (SCADA) systems (such as the Hi' s RTAP SCADA or others). Distributed Control Systems (DCS) 
(such as Honeywell TDC3000 DCS or others) or Programmable Logic Controllers (PLCs) (such as 
Allen-Bradley's PLC3/PLC5 families, or others), with the adequate protocol drivers, as well as to relational 
databases, object-oriented databases, ASCD files, as well as to a number ot other connectivity applications, 
allowing the program to send or receive values over said interface. The program (114) and the interfaces (120, 
130) are separate processes which may be located on one or more host computers. In the later case, a 
communications link, such as a TCP/IP or DECnet protocols based link and port, is required. The program can 
aiso use various interfaces simultaneously, linked to different types of devices. The interface serves as a bridge 
between selected variables embedded in the objects of the Virtual Models and their corresponding mappings in 
one or more external systems. Functions defined in the interface can be invoked by remote procedure calls 
(RPCs) defined in the program, and viceversa. 

•S. The ideal system for the intelligent control of biotechnical processes must posses a large set of features reflecting 
the real-time aspects of the control system, as well as the specific characteristics of the biochemical processes 
involved. There are a variety of new sensor technologies which may be used to provide the monitoring 
capabilities external to the Virtual Models. Furthermore, the system of this invention allows to integrate a 
variety of real-time cunt nil options with the ability to use mechanistic models to drive the automatic decision 
making support for process control. 

V. The knowledge-based Virtual Models include model-based reasoning that models the dynamic behaviorof 
proce^es on the reactor. This mechanistic approach may involve any number of variables to be monitored, 
including those measured and monitored in the reactor and those simulated and monitored in the Virtual 
Models, which are both used as inputs tor the inference engine to be compared against each other or against 
other specified values, and which meeting the specified conditions trigger actions that result in control 
operation on the reactor. The Virtual Models provide a visual qualitative and quantitative description of 
processes that happen inside of the reactor, as well as a description of the participants in those processes, tn 
some cases, the reactor may contain chemicals in solution or hound to other structures, such as carriers or 
membranes. In other cases, the reactor may contain less defined mixtures resulting from cell extracts. Yet in 
other cases, the reactor may contain cells or one or more types, interacting with each other and with their 
environment, the culture medium, where each of such cells is an reactor itself that interact with other cell 
reactor. The system of this invention provides capabilities to produce more or less detailed Virtual Models of 
any of those types of reactors, or Virtual Models of subsystems within such reactor*. 

HI. The program provides a domain-specific framework for continuous and discrete process modeling and 

simulation, which combines a hierarchical object-oriented representation to provide facilities for hierarchical 
systems modeling to handle multi-dimensional information, model-based and knowledge-based reasoning, 
temporal inferencing. and dynamic real-time monitoring and control. Furthermore, the system of this invention 
separates the representation ot the physical systems as Virtual Models from the monitoring and control aspects, 
allowing to integrate the same Virtual Models with different combinations of monitoring and control de?igns. to 
solve different production needs. 

1 1 The present invention refers to a domain-specific, application-independent, knowledge-based and model-based, 
object-oriented, iconic, real-time computer system capable of being used by scientists a, a framework to 
construct specific and interactive information, modeling and simulation applications in the chemical and 
biochemical domains. The present invention also provides a variety of domain-specific, 
application-independent tools, graphical interface and associated methods to provide users the capabilitv to 
extract, interactively or automatically, the integrated knowledge contained in those applications or models 
build by the modeler, and to further use those models, among other uses, to navigate through the pathwavs ot 
processes and explore those processes and their participants, or for quantitativ e real-time dynamic simulations 
The computer system comprises a plurality of methods, hereinafter called "the methods" and diverse sets oi 
objects, some of them representing either entities or concepts, hereinafter called bioObjects, and other 
representing other auxiliary structures, which in general are referred as tools. Objects are arranged in 
object-class hierarchies and workspace hierarchies. Methods may be associated with a class of objects, an 
individual instance of a class, or a specified group of instances within a class. Libraries of prebuilt 
knowledge-based generic bioObjects are provided as the building blocks that can be combined in prescribed 
ways to create diverse and new knowledge structures and modeis. 

12. In the description of this invention, the following clarifications should he noted: __ 
a I a person using the underlaying Shell to define the domain-specific application-independent but 

knowledge-based classes of objects, their associated methods, and the prebuill knowledge-based building Mucks 
is hereinafter referred to as a "developer", while the person using those building blocks to build 
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app.ication-dependent models, or expand.ng the libraries of pnMU bioObjects^s hn^ referred to a, 
jppm.jiuT.1 ur^ r ,rr..mn1it«l know ed*e and runs simulations. ts 

-modeler", and the person that extracts and u>es the accumulated ww« ieu S 

herematter referred to as a "user" difSCnpt ,on as bioObject or bioProcess. may he 

h) text express ons are case insensitive, and what is reterrea mine uc^ r i..,.. „ ,11 

^rreS to in the code as bisect or bioproces, or the na mes may appear ,n the code ,n lo, case or all 

c> a winders to a displav of the program on a computer screen. whi.e a workspace refers toone o. the many 
a n ainers of objects that mav be displaved within a wmdow. and the subworkspace of an ob.ect is the 
r^U^ne, that mav be associated with that object and mav contain the components or that ob.ec, 

d. rXtn"^ menu o P t,on is equivalent to c.ick.ng on that option, and both expressions are used ,n the 

tullim-ini! description of this invention; ., . 

eJ u, "Section of option A delays B" ,s a short form meaning something similar to election 

o ~ A causes the invocat.on of the action or procedure specified in the deftnmon or ophon A and. as a 
r^r I he execution of such action or procedure. B ,s d.sp.ayed in the window trom which option A w as 
selected' 

1 1 The preferred embodiment of this* venrion integrates a vanety of knowledge representation **™V£* 
" ' rl^" Creation of virtual models of complex systems. The accuracy and vabdrty of know,edge-based 
Xmt co"e ates not on.v with the quality of the know.edge available to the modelers bu, also with thetr 

Understand, tnterpret and represent that knowledge. The ^^^^^^ 
cowenul knowledge representation of physical entities (such as organs, cells, DNA. enzymes, receptors. 
T nd me^ atv- or £«> and conceptual entities (such as processes and cellular interact™,, quantities and 
^.n^tem. data and behavior are unif.ed in theory. Two charactenst.es o, ohect^nen ed 
rim^ "encapsulation and inheritance, are very rmportant for the design and implementation or the >y^m 
, rr^tion Objects are defined followmg class hierarch.es in which the definition or each class spec.r.es 
^ e ~ 7Z*^TZL*c of al. subclasses and/or instances o, that class. Encapsulate permits to 

level i< the standard form of encapsulation of objec oriented approaches; and b) at the workspace lex el. a i~ 
commoa fom of encapsulation related more to the icon.c approach. Mu.t.ple levels o, workspace encapsulation 
aTr^mrf allowing modules with a multilavered structure with increasing levels or deta.L Since the 

h^kpatin'Z 
; ce Z a class * completed with components in its subworkspace. ,r can be added 
calette as a prebuil. bu.ld ng block, and the resulting composite object can be cloned, in wh.ch ca,e all 
^ al a edtXll of sub^rkspaces are ,1* cloned The tnterpreted doma.n-spec.fic tramework approach s 

oa ^ulX^Zan, because it allows the connnuous expansion and mod.ncanon or the system, nece,^ 

Z»»Z°Z:* * <W «™p™ f - modify.* „«. S ™«. <«* «» '™< 

can tw easilv browsed and understood by the user. 
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attributes or their components, such as actions, formulas, relations, rules and procedures, and which can be 
jivoked interactively by the user from either the bioObjects or their components or from the standard graphic 
user interface objects, or invoked programmatically by other rules or procedures, and which are hereinafter 
referred to as the associated methods. It is an object of this invention the manner in which the combination of 
those t\pes of knowledge structures encode, in a distributed form, the data and the knowledge that enables the 
system to compute and to reason about conditions and events defined by the developer, the modeler, any other 
external source, and/or generated during a dynamic simulation. Based on those conditions, the knowledge 
structures are used by the Shell to infer or simulate different behaviors, while data, information and /or control 
are propagated and actions are executed. As can be observed by comparison of the prior art previously 
discussed with the description in the sections to follow, the form of knowledge representation in the iconic 
models, libraries of composite bioObjects, graphical interface and associated methods, and the overall 
organization of the system object of this invention offer a very different and innovative approach that not onlv 
integrates the qualitative and quantitative description of chemical and biochemical objects with a set or state 
and dependent variables, such as amounts and rates, but also incorporates temporal reasoning and generates 
dynamic simulations. 

! 5. Therefore, one innovation of the present invention is the iconic interface and associated methods used to 
partition the domain knowledge into modular and interactive knowledge structures represented as iconic 
objects, the connections, interactions and relations between those structures, and their behavior, incorporating 
declarative and procedural information. Each independent functional iconic building-block, a composite 
bioObject. comprises a set of iconic bioObjects and other objects and represents either: 

a ) the descriptive characterization of single units of molecular entities, molecular subcomponents, or molecular 
complexes, hereinafter called in general bioEntities; 

bl the aggregation of a number of units with the same characteristics, defined as a population of such molecular 
entities or molecular complexes in specific states, hereinafter called a bioPool, which together with the potential 
inputs to and outputs from such bioPool is encapsulated in what is hereinafter called a bioKeservoir: 

c) the interactions between fractions of different such populations of molecular entities or molecular complexes, or 
their transitions from one molecular state or discrete compartment to another over time, hereinafter called 
bioProcesses. 

di the organization and integration of networks of pathways composed of sets of connected bioReservoirs and 
bioProcesses organised in compartments, hereinafter called bioModels. Such low level bioModels can be 
further organized in discrete location and time compartments, representing the subcellular organelles and the 
phases of the cell cycle respectively, which are themselves components of higher level compartments representing 
single cells. All those types compartments are themselves bioModel subclasses at different levels of complexity 
and detail in a hierarchy of subworkspaces. 

1 r>. BioObject, a subclass of the class objects provided by the Shell, is the superclass at the top of various ■ 
hierarchies of classes of objects such as the class hierarchies below bioEntity. bio Reservoir, bio Process. 
bioModel, and others. Each instance of a class is characterized by the set of attributes defined for the class, 
which can be inspected in the table of attributes attached to each object by selecting it with the mouse, Some 
Jttnbutes define configuration information, while other attributes describe the composition and characteristics 
of the object, and still others hold dynamic state information, such as the current valuefs). data histories, and 
status. The value of some attributes of an object, such as the variables and parameter*, can be dynamically 
modified at runtime. 

17 The knowledge-based modeling and simulation system of this invention interprets the information and data 
contained in the BioObjects' data structures, based on additional knowledge contained in the form of rules, 
formulas or procedures. Model-based knowledge is integrated and encapsulated in the structural, functional 
and behavioral models represented by the virtual iconic models or bioModels. Those virtual models are defined 
qualitatively by the locations, connections, and relations of their components, and quantitatively by their 
encapsulated mathematical models. The constants, parameters and variables that define those models are 
distributed through the different types of bioObjects, defined as their attributes, and the corresponding formula- 
and functions relate those data structures to others and characterize the particular system. The system 
integrates propagation of values, inference and control throughout the pathways. Model -genera ted results are 
used as input information for the inference engine, and dynamic models can also reason about the historic values 
of its variables as well as projecting values of variables into the future. All those different types of knowledge 
Jre added by human domain experts to incrementally build an integrated Virtual Model. 

IS. In the current implementation of this invention, the variables embedded in the model that areset to get value* 
from the sensors (such as the concentrations of the corresponding bioPools) inherit their properties from two 
parent classes: a das? of float-variable and a class of interface-data-service One of the attributes or the later 
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,iass is .n^race. which value defines the .ntertace that will provide the "^.-J,^-^, ^ 

• a.ue ior such variable, the same as lor an v other variable in th.s system, can be set to be ev ****** *« 
inT " or i an" set to „s value hav.ng a value tha, expire after a set valid* tnterva,. 
™ seeks the value of said variab.e. either at the preset update intervals or when such value ,s needed but 
S has ^ red. a request if set to the specified interface to provide a value. Surf -variables are registered « the 
■nte^ace After thence is se,-u P . when the start_,nterface funct.on ,s »^^^~ d 
connection established between the interface (107) processand the computer program (115) process the 
"executed by the mtertace compnse: in„,alue_context dn.tial.es InT 
and the interface), pause context, resume.context. shutdown.context. rece.ve_reg.strat.on (called unen the 
™n seTks _ . map for the f.rst time a variable to an external data point,; rece^deregtstration. 
STT dta cheTks pen^.caHv which registered vanab.es need updating, retneved data values ava.lable. 
£ k ^ IcLtatto'medata structure us£ by the return functions, and sends the ^™«*pwm 
M 1 5, Z da* (called when the program requests data service for one or more reg.stered vanables); set.dau 
MW wher h p^^^^^ 

Z rt tfJ. the eLna. data point to which the registered variable i> mapped. .. .'so may call ^rtace 
Tetum unctions to change the value of the registered vanable after it, correspondmg value .n ^ 
"Im ha" Z changed"). The ^rfaces perform also many other function, related to pass.ng ob.ects and 
messages, checking data tvpes, and several other API functions. 
, « in the current imp.ementat.on of this invention, methods such as ptocedures, rules. fr™£*™< relanon^ 
defined in a st ructured natural .anguage. may apply to a s.ngle instance or a group rf OT 
. ZZ of eta**, and thev mav .nclude references to connects and to connected objects. Method, may re er 
or opK' to the values of attnbu.es a, different nme points " to the behav.or ot vanables or parameter ov er 
Z7l • can perform ,n response to: a) g.ven events or conditions, b, at prede.erm.ned < 
u^n reouest trom other rules or procedures. Methods can be executed m real-time, m emulated t,me. or a, ,a,t 
T^rL Renting different strategies concurrently and over extended periods ot time. Anthmenc and 
^^^Z, can* us*d independently or comb.ned. and dynamic models mayjnclude trom non-.inear 
dilrentia. Equations to log.c expressions to simulate both analytic and/or heunst.c benavio, 
^0 The follows sections will also d.scuss various of the mnovative teachings of this invention which refer t» 
n^a^ls used to retrieve and display the stored informal and data, encapsulated ,n graph.c and 
.nteracnve models of implex molecular mechan.sms and pathways, allow.ng to: 

} SI do vn" tre J 7or upstream of the bioPoo, taken as reference, c) to the location .n ceHu.ar compartments 
«^LZ ,n which «hle bioPoo.s of bioEnnties participate, d) any comb.nat.on o, the prevou, three, 

^ ,mulate the k.net.c .n.eract.ons between the bioReservo.rs and bioProcesses. to mirmc the 



c) dynamically 

regulation and function of cellular systems 

:i. 



The svstem of .his invention can be implemented layered on top of any advanced rea.-time 
e«*Ustem development env.ronmen, or she., that support the me.hodolog.es desenbed throughout *,> 

T ^^D^SoninS WW!* manv of the underlav.ng capabilities referred to below are common 

» ^^^^ 

jls* numtained, and reasoned about, between ob,eCts in d.f.eren, « orkspaces. 
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a an inference engine, which interprets relations, functions, rules and procedures; 

d) a simulator, which may compute the values tor three types of linear or non-linear systems: 

• dependent variables or parameters, from algebraic equations; 

• discrete-state variables or parameters, trom difference equations; or 

• continuous-state variables or parameters, from differential equations. 

el a supervisor, which controls operations, such as task prioritization, asynchronous concurrent operations, and 
real-time task scheduling. Other real-time features include time stamping and validity intervals tor data, 
history-keeping, and real-time data interfaces; 

t) a set of predefined generic object classes; 

gj several inference methodologies, such as data-driven, event-driven, goal-driven or time-driven capabilities; 

h) a graphic user interface development environment to create: 

• user controls such as action buttons, radio buttons, check boxes, and type-in boxes: and 

• graphic displays such as readout-tables, graphs and charts. 

i) dynamic messages, to pass information to the developer and user; 

j) an inspect facility, with various capabilities used in this invention to allow developers and users to: a) show 
on a workspace the class hierarchies of any specified class, or all the members of any specified class, as well a> 
the workspace hierarchy of any specified object, or the module hierarchy; b) go to any specified object in the 
knowledge base, displaying that object in the center of the screen; c) search for a set of objects that tit a set of 
specified characteristics; d) highlight or replace any word or expression within any specified class; and e) 
write to a file the text of the table of attributes of any named item, or of all the items upon a named workspace. 

k> a describe facility allows, through the "describe" menu option of any object to find out the relations between 
injects or the elements of dynamic lists, making possible to go to the icon of each element of the list, which 
provides a very useful facility to navigate to objects selected following desired criteria used to fill the list 

1) a tracing and debugging facility facilitates such developer's tasks; 
tit the capability of breaking an application into a hierarchy of dependent modules; 

n> the message board manage text messages generated by the system, such as configuration error messages, prompts 
generated at run-rime, or explanations requested by the user. The system of this invention also use those 
facilities to generate messages that show up on the screen to indicate a wide variety of abnormal conditions 
appearing during modeling or simulation, such as all those expressions used in many procedures listed in the 
tables as: inform the operator that 

o) support for distributed applications, by allowing different knowledge-base modules to be located in several 
workstations. Communication between distributed modules is handled transparently by the Shell's built-in 
network protocols. A simulation application can be distributed among several workstations when the 
knowledge-base is distributed as well, allowing computer resources to be adjusted to achieve the necessarv 
pertbrmanct. 

22. The Shell also provides a predefined object class, called "object-definition", which iconic instances have a table 
of attributes that provide frames or templates to define the characteristics of new classes of object*, such as: a) 
the names. t>pes and default values for new attributes for that class, which are added to, or overriding, the set 
of attributes inherited from the superior class; b) an icon specific for that class, which can also be inhented. 
and c) the stubs that define the types of connections specified for that class. Instances of the so defined classe> 
can be created: a) programatically, in which case they are transient when created, but can be transferred to a 
workspace and them be made permanent: or b) by selecting the "create-instance" option from the menu of 
object-definition, which creates an iconic instance of that class that sticks to the mouse-pointer and can be 
dropped by clicking on a workspace. Additional instances can be also created by selecting the "clone" option 
from the menu of a previously created instance. C2 provides an inference engine that operates on information 
from different sources, such as: values compiled in the knowledge base, simulated values, and values received 
from the user, sensors or other external sources, and responds to events from the user, simulator, or external 
data servers. 

23. Each variable has an attribute called data-server, which value determines how said variable receives its value. 
Options are the inference engine (the system gets the value from an specific formula, a generic formula, or a data 
seek, in that order), the simulator (the system gets the value from an specific simulation formula or a generic 
simulation formula, in that order), or interfaces to external monitoring devices, databases, or file svstems. Bv 
default, in he current implementation of this invention, the variables are simulation variables, which mean- that 
their data-server is the simubtor. A simulation variable may have two values: the current value may be 
optionally prov ided by inference engine or one of the interfaces, while the simulated value is provided bv the 
simulator. Or it may have the current value provided by the simulator, in which case it hasthat such value. In 
those particular instance- where the variables correspond to substances that are being monitored in the 
reactor, the variables are then set to receive two values, the current measured value, provided bv the external 
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~a .ho cim.iUrod value The non-simulated values mav be set to 
.hn»«h «» .ppropm* =nd „„„ „,„ „.„„ Di,,^,, pan 

none of the other have teen specified, 
a , The current implementahon of th.s mention allows the tndusion of fuzzy-logic stents, such as ( y « n 
J. 3^V^5 Fuz/v truth expresses are available only ,n the in.erence eng,ne. rule,, and 

true than, >> not more true than, is not less true than. -. ana / -. ne iu t . - , ^ n X ^-f) 2i The 

truth-threshold is set for the interencenengme as a whole For example. « saw 
antecedent of a statement to he true it must be greater than or equal to 0., 

SZritpnd or anv other chem,cal or comb.nanon o. chem.cals. controlled by one or more 

cell in the absence of other required signals. 
^4 An example of control statement using fu»y->og,c: "if ft. averse over the las, 3 ^^^^ 
™£,rl » 0 8 (.41.2) and the average over the last 3 minutes of the concentration of hgand 0^ 1 and 
TeTele over the last 3 minutes of the flow^pump-Ll = the flow.>f-pump-Ll then conclude that the 
thea^ra^over tneu ^ , ^ and „n adjust-flow^-pumplflow^t-pump-LI) . wherem. a) 



to It. 



v^n value can then be accessed bv different monitoring/control statements. Fuzzv value* ma> take i alue> 
conclude that the availability of 5 ts true 



such as 

I* 
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Jst 3 minutes of the availability of ligandl is not true and the average over the last 3 minutes of the 
:luw-of-oump-l_l = the flow-of-pump-L1 then ... " 

- In addition, the current implementation ot this invention allows to: 

- a) use the simulated Virtual Model to entirely take control of when and how the inputs are added to the reactor, 
(or the outputs, such the culture medium or cells, removed); 

- b) synchronize the simulated model to the processes in the reactor, hy allowing certain critical measured values 
from the reactor to provide the values for their correspond in g variables in the simulated model, which are then 
used by other dependent variables and propagate down the simulated model. Such synchronized simulated 
model is the used as described in a). 

0. The Virtual Model : Domain Specific Knowledge Representation 

1 The computer system, methods, and interfaces that are the objects of this invention can be applied to visuallv 
model and quantitatively simulate any type of complex system involving any type of processes and their 
participants. The set of palettes of prebuilt building blocks provided should reflect the needs of the particular 
domain in order to facilitate the tasks of the modeler, permitting the basic paradigm of "Clone, Connect, 
Configure and Initialize" and other automated methods. A library of prebuilt query panels and other panels, 
such as navigation, simulation and experiment panels facilitate the tasks for users to rapidly extract and 
dynamically use the knowledge and data contained in each specific application. The description that follows is 
based on one particular domain, that of biochemistry, to illustrate one of the implementations of such computer 
system, methods, and interfaces. However, similar computer systems, methods, and interfaces can be implemented 
in a similar manner fordomains other that of biochemistry. For example, in a business domain, what in this 
description is called bioEntiries can be substituted with different types of entities, such as employees or projects, 
and bioProcesses can be substituted with the different activities in which both interact, the bioReactants with 
the roles they play in such activities, which frequently may involve other participants. Employees are like 
enzymes, with the more capable having higher rate-constants. Projects are like the substrates, and employees 
may have higher affinities for some projects, with a likelihood that they will interact in a process in which a 
quantifiable measure of the outcome, such as quantity or level of quality, will depend on quantifiable measure of 
the employee, lets say amount of time put on that project and level of specific experience. The bioPool of each 
employee could represent his/her time, and the max-amount could be set to a day, a month, a year, or anv other 
amount. The Contribution to each project would be the amount of time invested in that mle, while the different 
activities will compete for the time left available. 

2. In the remainder of the description of this invention, the focus will be on biochemical systems, which are 
complex, hierarchical, heterogeneous and non-linear systems, involving an interplay between the processes of 
transport, reaction and conformational change. They are regulated by cybernetic flows of information. The 
system object of this invention uses a kinetic approach to model these chemical and biochemical systems, rather 
than a thermodynamic interpretation, although thermodynamic variables are also included to allow 
modification of the behavior of the kinetic system. The current approach, which focus on the amount!- of entities, 
such as concentrations, densities, scaled-amounts, or other quantities of each bioReservoir s bioPool of cells, 
molecules, or molecular complexes, in a particular state, a>a continuous function of time, and on specific 
coefficients or on rate constants that, in conjunction with the current values of those amounts, define the 
velocity of a biol'rocesss bioEngine, and the rates of consumption of certain bioReactants that participate in 
such biuProcess or the rates of production of its bioProducts. which are dependent on such veliKity and specific 
stoichiometric coefficients, and which are equivalent to the rates at output arid input from their connected 
bioPool, respectively. This kinetic approach is closer to the way of thinking of biochemists and molecular 
biologists. 

y. The cellular representation in this invention aims to reproduce the fact that function is not inherent in anv one 
component of the cell, but rather emerges from thecooperanon of many components, which depend on 
compartmental organization and functional relationships, and deals with multiple levels of biological and 
biochemical structural complexity, such as physiologicaJ systems, organs and their compartments, cells, 
subcellular organelles, and molecules. The schematic representation on the left side of FIC2 shows an 
abstraction of the types of molecular and cellular relationships and interactions that are modeled and 
simulated, with unlimited levels of encapsulation being an important feature exploited by this system, allowing 
to start dealing with a topic with a high-level representation, and then successively "clicking" into objects 0 f 
interest, to show the next level of detail. This high-level example, at a low-level of detail, can be summarized hv 
what a biomedical expert could describe as "Oncostatin M (201 > is a biological response modifier which 
induces different responses on different cell types: a) it induces certain classes of cells (202) to secrete the 
cytokine IL-f> (203), b) it induces differentiation of primary, cobleslone-like AIDS-KS cells (204) into mature 
spindle-like AIDS-Ks cells (20?). which in turn are capable of long-term growth in agar when c» both 
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different levels of detail, equiva ent to the way human mind can aDsiraci wu. j> .-*,.„,, 
amereni ^ - . im M:.r 01 structuivs, when in rea itv that is verv 

both molecules and cells as cell-entit.es as it they were similar types ot strut™ ' ■ ■ 

Z the realm-. Cells are composed of thousands of different types ot molecules. In some cases, the 

" e«n pathway with.n the cel. can be known to some extent while in others the mechanism of a b.o.ogical 
response mav be totally unknown. 

L u j^ih^ in vi»rv similar terms. On the one side. bioPools of cells and 

i The svstem ot this invention can be described in very similar «»»'■ ^ 

1 ,1 "a interact with each other, tn any combination in a variety of " ^ ^ ^ 

described in more detail later. On the other side, as schematically shown on the nghts.de o t FIC.2. the 
oescnoea in more o«j , n ,i W7e H at increasing leve sot detail, as contained in 

componentso, each ™ h.erarchy. the single bioProcesses 

vanous layers ot b.oModels (.02 - .12. 2)6- 1 A unhl a the en assocjate d bioEnti.ies (not 

n\i) are represented, and their associated bioReservoirs (215). « ntcn point m m» 

shown In g^nTa. the signals transmitted by the cellular signaling or regulatory pathways progress Wi *m 
each cell * Seated cvdes dnven bv external and interna, events, and sometimes time ,n a synchronous way^ 
ndrevl-t^d^ 

mKN A processings^; ,n, a( -h level one can focus on specific areas at the 

he^ln of in eLkin I W f 203) is induced, but only after the sequential activation o, numerous biological 
the secretion o.^er^uk ^ ^ q . (bioEn.me,.. 

^mS^i^whichareei 

each representing one the major group of stepsof the pathway memtoned ^J^*^ " 
3 nv oiihese bioModels such as DNA-transcnption (21*) or secretory-pmte.n-processing (211) displays their 
X^^SlTi 216 respectively), which may ,n turn contain a se, o, other bioMcxie.s (such as those 
^upenor n>213 and 217). and the process can be repeated any numberor times, unhl reaching b.oModels 
.omposed of sets of bioProcesses (214), and their related bioReservoirs (215). 
= To represent biochemical svstems it is necessary to refer to the characteristics and current state o. single 
' ^ Ltl Tnd a he same time to refer to popuJanons of entmes with similar properties. In a small application 

network of molecules interacting in a pathway or as a network ot variables quantitative!) representing 
r^es' es n o Svav as separated svstems. but he was no. able to integrate both, the descnption ot 

reasoning having all processes represented as instantaneous reacnons. 
„ He.:- shows how the intermediate submodels are preferentially organised in two (V 

commons are M («7) .hey ■>»» «>« "V (**'■■»•«' cell dulh or apopnis 1414.. 
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ocations. Each of those cell-bioReservoirs makes reference to a predefined cell-bioModel, which has a 
:naractertstic rhenotype representative of the cells contained in that cell-bioReservoir. The different 
phenotypes may characterize: a) different cell lineages, h) different stages of differentiation within the same cell 
lineage, or c) cyclical changes in the cell characteristics over time, within the same differentiation stage. 
ITienotypes are sets of characteristics measurable on intact cells, and the transition of cells from one phenotvpe 
to another are represented in the present embodiment of this invention as a translocation of a fraction of the 
cells from the cell-pool of the former subset to the cell-Pool of the later subset. The events that trigger those 
transitions may be unknown, but they may be recognized by changes in measurable or functional markers, such 
as the appearance of a new receptor, the synthesis of DN A, the secretion of specific interleukins, or mitosis, and 
the relative time in which they appear or disappear may be known, in which case those transitions are 
hme-dhven. More specifically, a cell-bioEntity, which is a high-level external representation or description of 
a cell, may make reference to a cell-bioModel. which as described above is internally characterized by its 
womponenrs and mechanisms, represented by the pathivays of bioReservoirs and bioProcesses. 

8. FIC.5 is a diagrammatic introduction to important concepts upon which much of the processing and reasoning ot 
the current inv ention is based, where the different layers of arrows represent the direction of flow of 
information and data. In this system, pathways refer to sets of alternating layers of bioReservoirs and 
biol'rocesses connected to each other to indicate participation of the populations or pool of chemicals 
represented by the bioReservoirs in the processes represented by the bioProcesses, and to further indicate that 
the processes represented by the bioProcesses provide inputs to the pool of chemicals represented bv the 
bioReservoirs. The result of those specific connections is a multidimensional network of interconnected 
biochemical pathways that determines the bask architecture of this system. That basic architecture also 
defines the resulting network of parameters and variables, and the specific arguments for the generic formulas 
that provide the values for those variables are determined by those connections. A bioReservoir is an iconic 
knowledge-structure that contains a bioPool (501), which refers to a population of a single type of molecule or 
complex contained within a limited space represented by the bioReservoir. A chemical process is represented as 
a bioProcess. an iconic knowledge-structure that contains various components, including a bioEngine (504) that 
controls the Velocity at which the input(s) of the bioProcess. the bioReactant(s) (503), are consumed and the 
output(s), the bioProducts (505), are produced. DioReactants can also be said to represent the participation of 
certain number of units of a bioPool as the input to a given bioProcess, and more specifically, the role that such 
number of units of the bioPool play in such bioProcess. BioProducts can also be said to represent the 
participation of certain units of a bioPool as output from a given bioProcess Both types of 
knowledge-structures integrate bioProcesses with bioReservoirs in a complex architecture that allows to model 
the kind of complex systems and multidimensional pathways that are characteristic of the domain of this 
invention. In such integrated system, units from the bioPool of a consumable bioReactant, are transferred to the 
bioPool(s) represented by one of its bioProduct(s), at a dynamically computed rate. The term upstream is used 
hereafter to indicate those bioReservoirs, bioProcesses. or pathways that affect the inputs to a given 
bioReservoir or bioProcess, while the term downstream is used hereafter to indicate those bioReservoir*. 
bioProcesses. or pathways that are dependent upon the outputs to a given bioReservoir or bioProce*.-. 

u The fast and short-term regulation, such as the temporary inhibition or activation of enzymatic activity is 
modeled through separate bioPools of die more active and less active (or inactive) forms. Each modification of 
molecules or complexes that results in qualitative or relevant quantitative changes in their activity or funcnon. 
is represented as transfer of units between those different bioPools. Examples of those modifications include 
post-rranslational modifications of proteins, including allosteric changes, such as phosphorylation, 
isoprenylahon, and so on. The slower, long-term, regulation of enzymatic activity is modeled by induction or 
depression of protein synthesis, which optimizes its concentration for the newly required function. 
Constitutive enzymes and receptors are considered to be synthesized and degraded at a constant rate, resulting 
in a constant steady-state level. In regulated molecules environmental signals, such as the extracellular 
availability of a hormone or growth factor, for instance, may cause the rate of synthesis or expression of new 
surface receptors to increase X-fold. If the rates of outputs are not concurrently and equallv regulated bv the 
same factor, then a new steady-state level will be reached, which may or may not return back to normal after the 
activating signal ceases. Examples of those modifications include: a) gene mutations and other modifications, b) 
DNA transcription, c) post-transcriptional splicing and other modifications of RNA, and d) translational 
regulation 

10. BioPools. bioReactants. bioEngines, and bioProducts are classes of basic bioObiects that further encapsulate a 
variety of knowledge structures, including quantitative attributes, parameters and variables, which values, 
prov ided by simulation formulas, can he dynamically simulated in real-time. The amount of such units 
compnsed in a bioPool. represented by a variable such as Concentration or other appropriate amount. i> 
dynamically computed at run time, parting from an initial value or basal-amount set by the modeler, or in its 

1<* 
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^c,,™adefau,tva, U es^^ 

.ructures are me ourpu. values of certam other «n-btea^/o pa a me ^ ^ 

same ni«Obj«t mstance or b) instance, or ^^f^^^^'i,,,, attnbute of any b.oProduct 
for the Consumption-Rate of some b.oReactants < TO ^^™.^ whilt me vatas of the 
( 505) is the value of the Ve.ocity attribute o, the connected £™ 1 of ^ bloEnRlne . 

Co^butu^ attr,buteof each bioReactant .ay^ar^ 

Furthermore, the Production- Rate o. some *~ ™ J" reS Jtivelv of the bioPool (501 ) to 

(507) are arguments for the Inpu.-Rate and the OutpufR. » nn "J^* bioReactant (503) mav be the 
Ihich they are distant* connected, while .he argument of the ^^^^ J, a) lhe tlovv ot 
va.ue of the Concentrate attribute of the connected b f™\™*^'*"Z b \« m .he bioPool and mo ,n 
data between the bioPool and a bioReactan. ,s b.d.rect.onal. "™ ^directional, involving two 

,ne HoReactant. b) the flow of data between a HoReactant an . *. bwB bj and a 

vanab.es in the bioReactan, and one in the btoEny* ^ ^ ^e and d» the flow 

byproduct « unidirectional, involving one vanable tn ^^"^ vanable in tne bioPr oduct and 
of data between a b.oProduc, and the bioPool .s ^^^^Z Z alternative wavs: a, implicitly 
on. » the b,oPool. The reversibility of any ^ m ^»^^^^T d ^ ,as represented *y 

and reverse direction^. . . 

1 1 . The va,ue for the basa, -concentration, basal-dens.tv or ^^Z^™™^^^ 
reflect* the phvs,o,ogical steady-state «»-^^»» | ^^^ ^ an tagon,st* or 
of the inputs equals the sun, of the ourpu.,. ™'^^ ^ J on pf 0 . 0 . J. no modeled ,n P u,s other 

enm.es are a>sociated with membrane,. w„h large P 0 ^"*^'™^, rm , ni: complexes. This means that 
,*tracellu.ar-mam>, or associated with one or more other ^T^^^^l^n^^ that are 
.econcentranonofthose bound «^^«^^^«;^ te n^ 
ava,lable in the approbate companment « ^ ^^^^ iW ^„^rulinn ( n«cn- 
units per companment. Furthermore. moM s.mulations o. biology > maUrCuks and the refore the 

relative amounts or ratios among the quantities ««^^*^7 h ^L, sion w* and therefore do 
alternat e vanable called scaled-amount ,s provided tor each » ^ 
no, re^re un,t. The values of the « ^^meter or vanable ass.oated 

usmg the default genenc s.mulat.on tormulas abated he param «ters. The u.er can 

wrth ,t wh,ch by detau.t are dependent on the values of ^"^^nZ ^ provlded mC .11 1. «ch 

U.L.veandgnnvthdependsu^^^^^^ 

prorn.rt.ons of the vanous consn.uents settle down to constant £ " w Mte . limitimi 

Ladv-state correspond to an opt.mum state. ^ , 

growth in me new environment. The pnnc.ple ^a>nn^ ^ ^ 

combu.at.on of state and dependent variables encapsulated ^hm stMdv . state nlodeU ng. A 

spec.t.ed bioModel. The b.oObiects pnu .ded are P^"^^^ln»l condition* bv the u~r. 
dvnaVic s.mula..on is in.tiated after the introduction o, flow trom ^Reservo.r, 

and the .npu. data ,n,na«es a forward cha.n.ng wh.c TtZu'Z ed dowLeam b.oResem,r>. mov.n, 
M ,« connected downstream b.oProcesses. and trom these to un also 

. along the b.oModeVs pathway. Inputs trom ZZT^ -r the 

farwariKluined dur.g run-time. A var,e«y ot methods are then us« ^ to « mp ^ ^ ^ 

vanaWe, or parameters, derive conclus.ons and pass ^^^^T^^ JcaL are either 
apP ropria,e The fonvard and backward assocat.ons betwe^ *^«" £ ™ ^ mMk ^. The 
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hidden but their values can be displayed The specific way the bioObjects are connected specify both data flow 
and control flow, representing sequential or concurrent ordering of procedure execution, and the information 
needed to execute an algonthm is provided by or inferred from the architecture. The evaluation methods of the 
bioObjects involved in the simulated pathways execute in parallel during forward chaining, passing along the 
arguments to the posterior bioObjects, while the arguments of the anterior bioObjects are passed to them. 
13. There are other parameters and variables defined in the system of this invention, which are also involved in the 
dynamic quantitative simulations of tlw visually modeled systems, and which can be incorporated in two 
distinct and alternative forms of simulation reasoning, absolute or scaled, as wilt be described in more detail 
under the heading Simulation Mode. For example, the factors that affect and define the transformation rates, 
such as the catalytic, binding or transfer rate of a biol'rocesses (here preferably encapsulated as the Velocity 
attribute of its bioEngine), are distributed as attributes of the various connected bioObjects and comprise: 

a) the quantities of the bioReactants of different types, such as enzymes, substrates, inhibitors, and activators, or 
receptors, agonists and antagonists, or components of a complex (here preferably encapsulated as the 
Concentration or Density or Scaled-Amount attribute of the bioPool connected to each bioReactant, which 
values can be directly incorporated into the equation that gives the value of such Velocity, when using the 
absolute reasoning; or indirectly incorporated into the equation that gives the value of the Contribution 
attribute of each bioReactant, which holdsan intermediary scaled value that is incorporated into the equation 
that giv*s the value of such Velocity, when using the scaled reasoning); 

b) the values of specific kinetic parameters characteristic of each type of bioReactant (here preferably 
encapsulated as: the "effective-binding-sites" attribute of enzymes and receptors, and the "Michaelis-constant ", 
"equilibrium-dissociation constant", or equivalent attribute of substrates, ligands, or other bioReactants, 
respectively, which values can be directly incorporated into the equation that gives the value of such Velocitv, 
when using the absolute reasoning, or, alternatively, the "scaled-Michaelis.k", "scaled-equiLdissock", or 
equivalent attribute of substrates, ligands, or other bioReactants, respectively, when using the scaled 
reasoning), or, alternatively, a global kinetic parameter specific for that bioProcess that replaces and represents 
the combination of the specific parameters of each of the bioReactants of that bioProcess (here preferably 
encapsulated as the "rate-constant-sec" attribute of its bioEngine); 

c) the stoichiometric coefficients (here preferably encapsulated as the "stoichiometric-coeff" attribute of 
biol'roducts and bioReactants); and 

d) theeit'ects of environmental conditions such as temperature and pH are also specifically defined as attribute?, 
and can be integrated into the simulation within the appropriate equations. 

1-1. Chemical and biochemical reactions are continuous processes, within the time intervals that are dependent on 
the type of reaction and the environmental conditions, with the balance of the reaction favoring in general the 
forward direction. The strategy used in the system of this invention is to forward chain from inputs values from 
the user-interface or from databases. In the preferred embodiment of this invention, the specific way the • 
bioObjects are connected specify the sequential or concurrent ordering of data flow, and the parameters of 
model equations are included as object attributes. Model-generated results may be used as input data for other 
simulated equations or as events to be used by the inference engine. These dynamic models can also reason 
about the behavior of variables in the past and project the behavior of variables into the future. Integrating the 
activities of the different parts of a mode! system requires the simultaneous solution of a set of non-linear 
ordinary differential equations and a set of dependent algebraic equations. In this invention, this system takes 
advantage of the two method* of explicit integration supported by the Shell: either the first-order Euler scheme 
or the quadratic fourth-order Runge-Kutta scheme, depending of the desired accuracy of the computation. The 
updates of the different variables may be synchronous or asynchronous, as a result of the variables having 
equal or different update intervals. The dynamic values of variables or parameters may be displayed in both 
digital and graphic forms. 

1 :>. The default values and equations provided with the preferred embodiment of this invention, represent an 
steady-state modeling approach, since biochemical systems are better represented bv steadv-state than by 
equilibrium situations. The value for the Basal-Concentration of each population reflects the phvsiological 
normal steady-state value, when the rate of change is equal toOorequivalently when the sum of the input> 
equals the sum of the outputs. Enzymes that are constitutivelv abundant and in their active form have no effect 
on the steady-state, since they are not rate limiting. However, regulated enzymes, such as kinases and 
phosphatases among others, may be constitutive only in their inactive form, and their Concenrranon influence 
the Pmduction-Rate of the activ e form in the same way as the Concentration of a substrate controls its 
eonsumpnon rate, in the system of this invention, the activation-process of an enzyme ( u other bioEntitv) means 
consuming units of the bioKeservoir of the inactive form and producing units of the btolteservoir of the active 
form, and therefore it is the same treatment as for any other substrate and product. The regulation of enzymatic 
acnvity is modeled through separate biol'rocesses that represent forward or feedback inhibition oractivanon 
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processes or parhwavs. Each modification or modules or compter that results tr, relevant qual.^v e ^cr 

changes in the,r function. ,s represented as separate bioEnft.es whtch ,n rum are repre^t* I ,n 
separate bioPools and bioProcesses. Examples of those modifications compose: a> gene muta.ton, and other 
DN A modifications; b) post-transcr.ptional spt.cmg and other modificauonsor degradat.on of RNA; ) 
postradiational modifications of proteins, including allos.enc changes, phosphorylation, '*^>*^™< ™ d 
Ton. and degradation ; and d, melons and degradation of other molecu^s. Synthesis and degradation. a> 
we.l as allosuTnc changes or other modifications, may also be implicitly modeled u-.tfun the parameters ma, 
affect the Velocity of a bioProcess. or as separate mathematical model-blocks connected to b,oPools as tnputs or 
outputs. 

\(i The tvoes or tnhibitions in which a reversible or irreversible complex ,s rormed, suchas the binding 
' ntagonis, to a cell-receptor, and the feedback activation or inhibition by secreted products, are all modeled as 
Z> Z Ip^rfnl or complex-formation-processes which compete in the background tor the amount or 
ceLcepto/La.lable in the common bioPool, according to the.r respective amn.t.es and concentra ,on>. The 
everJhtv of anv binding ,s usually not explicitly modeled, unless the complex » a target rt 
,s tmplici.lv included in the output which is the balance in the predomtnant djrectron (as represented by Ks v =, 
ki and k ii. 

1 7 In fast growing cells or or^amsms. the dilution factor resulting from cell growth is represented by a parameter u. 
' while ,n slow growing cellsdirec, enzyme degradation is more important, since the levels o, many enzymes tn 
animal ce.ls is conmid bv the balance between enzyme synthesis and degradat.on, called turnover The 
2 hes* of an enzvme ,s represented differently, depending on the ava.lab.e information or the !eve. of deta, 
"des red as a zeroorder process or as a tirst-order or higher-order k.mmcs. propon.ona. to the 
or other eruvmes or relators that participate in the complex process of. while the degradation may hay, a 
ti^erlnetics proportional to tne concentration of enzyme, or or h.gher-order k.nettcs. dependmg also on 
the concentration of other en,ymes or regulators that participate tn the regulated d J^^«^ ol 
total response associated with any particular population of receptors ,s represented a, .the max.mal actm > o, 
a *ngle receptor in the aenvated state times the receptor density, or scaled-amount, ot the bu.Pool representing 
that particular compartment. 
, S The svstem of this invention deals with the "incomplete .nforma.ion" character,*,* of biological systems by 
,n,egrat.n, the sca.ed or semiquantitative vatues with the absolute values, as discussed .n later secnon. The 
S-vaLd vanables. such as scaled-amount, have values within theO.O to 100.0 scale to normahze the 
diverse range, of magnitudes involved in the system. Thedefaul. imtial values o, the scaled-basal-amounts ^ 
w ,h rTthrs ran«e to L repre>ent the knowledge about the physiological Steady-state conditions. As a way o, 
* amp Z a) a va.ueof 100* mav mode, an constitutive abundant enzyme, receptor, or comp.ex-subun.t ,n he.r 
mact.ve forrr, while th,s value may decrease a, run-rime as the value<s> of the,r active or other derivative. 
increase so that the total remains 11X10; b) a value of 50.0 may model the normal steady-state catalv t,c 
concent^non tor a constitutive regulated active state of an enzyme, or the steady-sta.e concentration „, a 
Tbstrate binding pmte.n or ligand. or c) a value do* to 0.0 may mode, any highly regulated induced molecule 

1. Temporal reasoning ,s important to model and describe the causal mechanisms tha. dr.ve h,o.og,cal 
Tem^ral reasoning is achieved in the system of th.s inventions several ways, 
a , In general, temporal reasoning .s implicit m this real-time system dunng a simulation, when the a alues o, the 

variables and manv of the parameters vary over time. 
^ En"re contents of DioModels. such as rhose representing the successive phases ot the cell cycle, and other 
Submodels within those phases, can be activated and deactivated over t.me by act.vanng or deac .vanng 
^workspace of such b.oModels. as specir.ed w.thin procedures and rules, a, pre-spec.,,ed - 
.nter.als.or ba>ed on events generated at run-.ime. such as a cer.a.n variable reaching a threshold ^a»ue.or a 

c, T^^ of sp«,f,c bioProcesses can be also programmed to be aenvated for a soeoned penod y 
le auerThe^ctivation. as g„en bv „s activation-hold-mterva! a.tribu.e. This atmbu.e can be a deraul. 
aleT "ll-.ered bv the user or as modified at runnme. This .s an alternative to hav.tig .he control o. the 
* 1*Z^ TZ* subwork,pace based on another event. It can a.so be reason^ by a comb,na„on o, a given 
rj inten a. or a g.ven even., whatever comes firs,, or by everts mggenng the change o, fhe value o, the 
Lm-a,«^n P JTa. attribute in a pre-specif,ed manner. One ,uch option ,s to prov.de a tabular .uncnon 
such as bv looking 

^0 in the currenttv preferred embodiment of this invention, a un,. of a g.ven chem,cal ent.tx;. referred to as a 
W^mttA- wh,ch desenbe .he charac,er,s.,c> and state of a single molecule or complex. ,s cons.dereo a 

-cure which „ reared to as an attribute o, a bioKe,ervo,r and can be acces^d rrom 
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•tie menu choices of this and other bioObiects. such as a bioReactant connected to its bioPool. which refers to a 
x>puianon of molecules with the characteristics described for such bioEntity. The information about the 
characteristics of particular functional states of a given molecule or complex is encoded as separate instances of 
classes of bioEntity, as will be described in detail in later sections. Different behaviors of each bioEntity are 
then explicitly denned through the mechanisms represented by the bioProcesses in which bioReactants that make 
reference to such bioEntity participate. In other words, it can also be said that bioProcesses represent the 
interactions of a biorool of such bioEntity with bioPools of other bioEntities. as defined visually through their 
connected bioReactants or bioProducts. Furthermore, in the present invention, a single molecule can be 
described in more detail by and ordered and connected set of instances of more elemental bioEntities, referred to 
as bioEntity -components, which represent molecular functional components such as subunits, domains, motifs, 
active sites, regulator)' sites and mutation sites. The additional levels of detail are implemented in this invention 
through the encapsulation of subworkspaces. In a similar way, sets of simple molecules can be components of 
other bioEntities representing a complex, or of a heter-mol-complex Since unlimited levels of encapsulation are 
allowed, it is possible to start dealing with a topic with a very general visual overview, and then successively 
"clicking" into objects of interest, to show the next level of detail. 

21 . As will be described in the following sections, in the system of this invention, the methods used to process the 
application-specific knowledge are separated from the application-specific knowledge itself. The 
domain-specific but application-independent knowledge is encoded in at least four different forms, 
characterized by: a) the selection, combination and specific connections of the simple knowledge structures that 
contain the variables and parameters that quantitatively define this system, within the subworkspace of a 
prebuilt composite bioObject; b) the selection and design of those simple structures and their interactions as 
components of the composite structures, which provide for the resulting transparently interconnected 
architecture underlaying this system; c) the selection and definition of the specific attributes of each of those 
types of structures, which describe and characterize the potential behavior of those structures: and d) the 
methods in the form of procedures, rules, formulas, functions and relations that together provide for the ' 
monitoring, control and execution of the system. On the other hand, the application-specific knowledge is 
incorporated in at least two different ways: a) the selection, combination in different ways and connections of 
Oiose prebuilt composite bioObjects and predefined structures; and b) the configuration of the values of the 
predefined attributes of those selected structures. 

C Operating Facilities for Developing, Modeling, Navigating, Queering, and Simulating Ihe Virtual 
Models 

The following descriptions of objects, tasks, procedures, and the complex processing that follows only . 
highlights some features, and is not meant to substitute for the more detailed descriptions shown by the 
pseudo-code listings provided as Tables in the Appendix, as referred to within the text when appropriate. 

I. Developer Mode: Definition of the Building Blocks 

■\) Domain-menus 

• The Developer Mode can be restricted to only those users with development rights., in which case it is the 
default mode when the applicanon is started. F1C.9 shows the domain-menu* associated with this mode in this 
invention, which are shown here in an expanded way to facilitate discussion or the organization of the 
definitions of object classes and methods. The options shown highlighted with white background are selected 
opnons. Selecting the "Help k Mode Menus" head (901 ) pulls down a set options, each causing upon selection 
specific actions, including displaying named workspaces or subworkspaces of named objects, such as panels, 
palettes or libraries, or generating other walking menus. In addition, selecting any of the available user mode* 
changes the mode of operation and displays the specific domain-menus associated with that user mode, both 
actions applying only for the window from which it is selected. Selecting Developer Mode (902) displays the 
additional menu heads: "Object Definitions" (903) with pull down options pointing to major groups of object 
classes. "Variable Structures" (909), "Rules Proc's L Keiat's" (913), and "Formulas & Functions" (916). 
Domain-menus include walking menus, and whenever an option has additional suboptions then a new 
pull-down menu is created and displayed in the next adjacent menu slot. For example, selecting "bioEntities" 
(904) displays the pull-down menu headed by "bioEntities" (905), which options refer to different subclasses of 
the class bioEntity, and further selecting "MnleculComponents" (906) displays the one headed bv 
"MoleculComponenis" (907), and further selecting "Protein Motifs" (908) displays a workspace (not shown) 
that contains the definitions of the class protein-motif and all its subclasses. In a similar way, selecting 
"Variable Structures" (909) and further "Variables" (910) displays the menu headed "Variables" (911), and 
further selecting "Velocity pVariables" (912) displays the workspace shown in FIC.1 1 containing the 
definitions of the class velocity-pVar and its various layers of subclasses. In other cases options bring directly 
to a workspace, such as for "Rules Proc's k Relat's" -> "Genera IQuery Proc's" (9141 which directly displays 
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. the workspace (915) tha, contains the definition, of some of the procedure, needed tor .he processing of General 
Quenes. 

b) Descriptions of General Groups and High-Level Classes 

. The classification and definitions of the object classes i» now descr.h^ Table 1 shows the different classes o, 
objects and groups of tool, and methods comp ns ed in this invention, wh.cn are all knowledge structure* 
lamented as objects. Those tools and methods are preferably organized into mapr groups, eacn compn^ng 
" F e a^jec, classed which mav each further compnse several leve.s of more spec,,* subclasses, to be 
r*t*d m more detail ,n the following sections. The class bioTool (Table *). a subclass o, the class object 
Arfinrf within the Shell, is defied to include a v ariety of auxiliary .conic structures used ,n th s ,m en .on and 
^additional attribute,. Each top Cass of those groups is a subclass o, one of *^ ^ « 
denned within the Shell, from which they inhent a set of attributes and capability. Several of those 
caX.es mav be proprietary technology specific for that She.,. For further * 
the G^ Reference Manual Version 3.0 or Version 4.0 and other documentation produced by Cen>ym Corp 
wnich aTe here .ncluded bv reterence. In this filing, only those Shell-defined attnbutes that are neces^ry to 
d^ni hi" v-non will be considered, and these attributes or the.r equivalents may be common to other 
deTI^men, environments. Other attributes and capability no, mentioned here may. however, tad-tate the 

"*»nd impnwe-the performance of th.s invention. In .he fol.ow.ng d,scuss,on, at,«u,on vv,„ be 
Unused mainlv on those attributes incrementally defined for each subcias,. 
. There are -everal other basK classes defined within the Shell that the system of this invention uses without 
«ZZ^ Nations One of those are workspace, which are items used to hold and d.spUyo.her „em, and 
which attribute uiclude names, user restricts, margtn. border, background. ^^ u * «^""" t 
UwLace< can be independent higher-level workspaces, or subworkspaces subordinated to ob^t, 
Subw ^kspa es mav als£ have the capability of be.ng activatable. ,f so defined in the.r superior ob.ee,. which 
meTn hauh"riec,s upon them are onlv active and accessible to the inference engine and the simulator when 

or station o, specific patterns can be used to animate a simulation and to indicate -Wvam even.,^ ^ uch a, 
snow,ng the bioObjecis that are activated, or which variables' value, are out ot range, and many other 
applications. 

. The object class definitions listed in Tables tn the Append,* mc.ude only those attributes wfijch >den- 
and relevant information, such as: a, "class name', b) "supenor c.a,s". and c) attribute, >pec,f,c to da* 
Other attributes are listed only when relevant or modified, following the following ™U»: 
■Capabilities and restrictions" describes which additional capabilities or resmcon, apply to all the 

al! the subclasses of that Cass The Shell-defined capabilities used in the currem,mp.ementa„on o, 
,h,s invention compnse: "aCiva.aMe-subworkspace". for the classes b,oReservo,r. b.oPnxe,, 
time-compartmen, and hold-bin; and " subworkspace^onnection-pos. tor the c.a^modet-bov 
■ Class restrictions ' define, which menu opt.ons and other non-menu cho.ces are available od,,alknved. or 
" w are v.s.ble ,n the table. in each particular user modetor all the «**T 

otthecla^torwhichthevaredefined. TheShell-defined non-menu cho.ces mclude: mo e^b,ec. ... The 
V^-denned menu cho.ces include, "table", "name", "transfer", "create-subworkspace . change-,„e . 

S "attributes specific to class" of each of the supenor classes On occasions, however, .nhented 
nnbu, mav be listed' or the purpose of summary disperse definitions. When an 
more than one object-definition, the most proximal (or lower-level) detinmon overr.de, the other. 
- " Unu op ion" reTer to whether the name of the object class appears as an opt.on w«hm the n* *« 
"2 onTL the menu of workspaces, or w.th other words, whether the Cass can have instance, „ thev a , U(f 

::„-:::::i;:^^ 

" * n r. 1 in .ft. «. ftb ~y no, * >«-• * « * no, ^ h« 

d«»,«d it**, tan i, i....™* lha, ,he*,* Si ,n-inn.n,«d.and .. ,to .-p.no, d.» to . no 
•i i«um«i that the value of thi> attribute is none _ 
. ^^P^n define, the icon.c appearance or the ,con ch.ractenst.c of all ^stance, otthe du~ Th, 
uon can be .nhented or be > P ec.uc for that da* and u,ua.lv conu.n d,,erently coiored lav er, or 
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:oior-resions, which color may change dynamically at run-time, to visualize the state of the objects, such as 
*?tected. or of their subworkspaces. such as activated. The detailed description of the icons is not included in 
the Appendix to save space, and in most occasions tt will be simply referred to as the <name of the 
class>-pattem, followed by its dimensions ( to have a reference for the stubs), and by the color-regions, which 
.nay be referred to by rules and/or procedures. 

• In addition to an attribute table and sometimes a subworkspace. each iconic object has an associated menu with 
a set of options. Some of those menu options, and options defined within the Shell, perform standard tasks 
common to all objects , such as: change-size, clone, color, delete, describe, disable, go-to-subworkspace, move, 
and name. Many of those tasks are self-explanatory and will not be further described. Other novel and 
domain-specific menu options are defined in this invention as user-menu-choices to provide interactive access- 
by the user to important automatic or semi-automatic tasks related to the configuration of the knowledge 
structures and to requests diverse forms of processing and display of such knowledge. User-menu-choices are 
defined for the specific class named in its applicable class attribute, as in the example shown in Table 27. Thev 
appear as options in the menu associated with the icon of even' instance of even' subclass of said applicable 
class, unless a class restriction is defined for any of those classes to exclude that option from the menu in anv 
particular user mode . Selecting any particular options triggers one or more actions. All those domain-specific 
tasks provide a highly interactive user-interface and are important teachings of these invention. Those options 
and the methods invoked upon their selection will be discussed in later sections. Here we will focus on the 
definitions of all object classes and on the description of their attntmtes. 

ci Variable Structures: 

• Variables and Parameters: 

- In the present invention, the quantitative attributes of object classes may be defined as simple attributes, or a» 
instances of subclasses of parameters or variables. The values of simple attributes can be modified through 
rules, procedures, or other actions of the inference engine. The values for the variable and parameters mav be 
provided from different sources. The Shell's simulator is used in the current implementation to compute the 
simulated values of variables and parameter that are integral parts of the bioReservoirs and bioProcesses. as 
described later, including state variables. Those values are preferentially provided by generic simulation 
formulas, although modelers may also provide specific simulation formulas for specific variables. Users can 
also input values for the simulator through the input-panels described heknv, and the program can also update 
values based on values received from other sources, so that values from different sources are integrated. To 
standardise the units used during a simulation, the absolute values are preferentially entered in Molar, M/sec, 
moles/liter, or seconds, as pertinent. 

- There are large number of subclasses of parameters and variables involved in this system, as defined in Tables 2 
through 15. Only a few of them are used as independent parameters or variables represented by their icon, and 
usually they have auxiliary functions, such as the x-pos and y-pos (Table 3) used to aid in the graphic drawing 
of pathways on a workspace. In this invention, most parameters and variables are implemented as attributes ot 
the various classes ot" bioObjects. or other objects such as model-blocks or inference blocks, as well as attributes 
of other variables. Aside from the high-level classes, most of the other subclasses do not have additional 
specific attributes, but many have distinctive default settings, as specified in their listed definitions. The 
separated subclasses allow to attach specific methods to each class, either in the form of formulas, or bv 
referring to all members of the class in rules, procedures or other actions. Since it would be tedious and 
repetitious to discuss each subclass of parameter and variable that are referred to in the system of this 
invention, listed definitions of other objects, their definitions are instead listed in lumped groups by similarities 
and only a few that are representative or important to the understanding of the operation of the overall svstem 
will be discussed in the relevant section. 

• In the currently preferred embodiment, domain-specific variables and parameters are subclasses of vanou? 
subclasses of the the Shell's class "parameter", such as float-parameter, integer-parameter or 
symbolic-parameter, text-parameter or truth-parameter. Those that represent parameters in this domain are 
grouped under the domain subclasses int-par (Table 3) or float-par (Tables 4 through 8), depending on their 
value types. Those that represent variables in this domain are grouped under the domain subclass float-pvar 
(Tables S» through 12), which are subclasses of float-parameter. The reason for these discrepancies is that In the 
Shell's classes "parameter" and "variable" do not fully correspond to the common concepts of variables and 
parameters and are simply two different data structures with different constraints and capabilities. Thi> 
invention also defines a set of subclasses or float-var< Tables 13 through 15), a subclass of the Shells cla— 
float-variable. as an alternative for domain attributes such as Concentration, Density andVelucitv (which bv 
default are represented by pvars. as discussed in more detail in the next paragraph) or parameters such a> j 
variety of kinetic constants (which by default are represented by simple float attributes) 
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The Stall's "V3nab.es- have capability import, tor the .mp.ementat.on of this .nation such a,: a) 

III— ™^ 

representing an enhty which quanhty is monitored m a reactor. to ^ " «™» u 

Zni.onng sensor whi.e its simulated va.ue is be,n* ^^^'^tT-M ^pare them to a 

particular instance ot a \ananie rvwrmmtu . „ arelamer structures that 

the instances emulation subtable. while the She... i . r*. She. ^^^f^^^ 

retire more n.morv space, this invention uses by de.aul. ^ " 

u /->K ^t- U.^-v^r alternative but equivalent subclasses ot variables are aiao p>u r 

and variable, include, a) parameters , .. naveail initia] value and ttvo current 

Parameter In a ah* c, ^ ^ ^ ^ ^ a rf . . ..^ ^ 

^ab.es" such as: ve.ocity-var (13m. Tab.e 13,. -de.^K^-urp^ar (1 T^ble 4, 
^ i hi vv v3 r (14T0 Table 14) and tor - parameters" such as: basal<lensity-par <lWf>. labte <). 
S h rJ, r n«W ^ Tatie M densin..entn--pvar (1510. Tab.e 9). scaled-entrv-pvar (1512. Table 9)., 

den ilpvar ,i«H. Tab.e 10). basa.-conc-par (1522. Table 7, conc-pvar 
X Me 1 ) o^n-pt' n«5 T* 10, consum-rate-pvar (1617. Table 
070,: Table 1U «m*d*y-r£ (171 1. ™e ph-par 0713. Table 3), ph-factor-par (171,. Tab.e „. and 
produc-rate-pvar (1723, Table 11). 
- The detaiH of a "variable" are here discussed ,n reference to F1C.10. where ^f*""^™*' 

particular , " i " nL ^ U " rf , (mV() . , he numbw of data point* or the time period tor 

«»in lot, that allow the user to opt.ona.lv control the s.mulat.on ot that particular instance, such a> the 

wheL value ,s provided by the mference engme. any emulator or externa, mtenaced >ource, ,uch 
sensors or databaswOOW. and the default update interval (101/, 
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eacn tvpe. In addition, there are two types or simulation provided by the svstem of this invention, as discussed 
jnaer the Simulation Mode heading. One is semi-quantitative, using scaled (dirnensionless) variables, and the 
other uses variables with absolute values. The currently preferred embodiment of this invention is defined by 
default with a matching set of scaled variables, each w ith its associated simulation formula. For the Velocity 
attribute, depending on the bioEngine subclass, different subclasses of rate-pvar (Table 11) are used, such as: 
catalytic-rate-pvar, binding-rate-pvar. dissociation-rate-pvar. modification-rate-pvar, or transfer-rate-pvar, 
with such scaled-values based formulas. However, the modeler can substitute those with an appropriate 
instance of an alternative set of more specific subclasses of velocity-pvar (Table 12), such as those shown in 
FIC.1 1 with more specific absolute-value based formulas. Each subclass of velocity-pvar (1101 ), such as: . 
en /y me- velocity (1102), receptor-velocity (1103), complex-formation-velocity (1 104). complex-dissoc-velocitv 
11105), ion-transport-velocity (11(V>), conform-change-velocity (1107), and rranslocation-velocity (11(18). has 
more specific subclasses, and each of those subclasses has its associated more specific absolute-value based 
simulation formula. The nomenclature used for naming each subclass indicates all the participating components 
and the reaction type. For example, 1E.2S.1I.ORD. velocity is meant for a bioengine.1E.2S.il, which means that 
its icon has at the top four specific stubs connected to one enzyme.r. nvo substrate. rand one inhibitors, and the 
formula for that instance reflects the fact that the reaction happens in an ordered fashion, that is substratel .r 
binds before substrate2.r. and the inhibitor is a competitive inhibitor of the first substrate. The subclasses of 
velocity-pvar. and their associated simulation formulas, represent only the more typical cases, but they are only 
a fraction of all possible cases that user may need to represent. Therefore, another alternative is provided for 
the modeler to wnte the simulation formula that most appropriately fits the system to be modeled, substituting 
.vith an instance of the class velocity-var described above. 

- The system of this invention utilizes the history keeping capability for the values of relevant parameters and 
variables, as specified in their listed definitions, to graph the time-line or to reason about those historic values 
The user can decide to display those values in charts or other display forms. The historic values, as well as 
their maximum, minimum, average values, or rates of change over time can be not only be displayed, but also u*ed 
by the user in different ways, such as storing them in external files or databases, allowing the values to ne 
further analyzed. 

• Arrays and Lists 

- Arravs and lists are structures that hold a number of item of values in an ordered way. The subclasses of 
arrays (Tables lf> and 1 7) and lists (Tables 18 through 20) have all the characteristics of their parent classes, 
as defined in the Shell, and they may have additional attributes within the system of this invention, as specified 
in their definitions. Arrays are indexed, and therefore each of its elements can be directly referred to by 
referring to its index, while lists may be indexed or not. The length of arrays have to be predetermined, before 
additional values are added, while the length of lists increase automatically, as more elements are added. 
How ever, the current implementation of this invention uses arrays to permanently store the transient values ot 
its elements by setting the "initial-values" attribute of an array equal to the desired values to be stored, 
separated by commas, which may be the current values of the elements of that particular array at any point in 
time, or the elements of an auxiliary list, as described in the section describing the methods for queries. 

- One ot the classes of arrays used in the current invention is query-array (Table 31 ), a subclass of symbol-arrav. 
which instances are created by the query initialization procedures. For example, one of the uses ot a set of 
query arrays is for storage in each of at! the instances of each class of molecular components in the Virtual 
Model (Table lft ), as described later. The instances of references-array (Table 32). a subclass of text-array, 
refer to sets of instances of the class reference-block (Table 34) and may be attributes of instances of bioEntitie>. 
bioKeservoirs or bioProcesses, or bioModels, being used as described below. Furthermore, instances of the 
Shell's class float-array can be used to store all the values of a desired parameter or variable during a 
monitoring session or a simulation run, which can then be stored to a file or passed to another external program 
or device for further analysis or processing. 

- Dioitem-list (Table 20) is a subclass of the Shell's class item-list with no additional attributes. The different 
subclasses of bioitem-list (Table 20 1 are restricted to instances of particular classes of objects, such as 
experiment-selections, bioReservoirs. and bioPmcesses. This invention uses lists in various ways, including: jj 
as transient auxiliary structures to process information at run-time, not visible to the users, such as instances ot 
query-list (Table lft), a subclass of symbol-list, are used as auxiliary structures in the creation of querv-arrays. 
and instances of scroll-text-list (Table IV). a subclass of text-list, are used as auxiliary structures in the 
creation of scroll-areas: and b) as auxiliary structures with their icons upon a workspace, which in addition to 
be used to pnvress information at run-time they are available to the user for inspection, such as tho*e shown m 
FICs. 31 through 3?) listing upstream and downstream bioReservoirs and bioProcesses. in reference to the 
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MoOt*** from which the* where requested. Clicking on those icons by the user causes the display erf the 
elemTn" ot the l.s, proving dtree. access to the object* l,>ted and ,o .he attribute table «, the ob,ect> Wed. 

d) BioTools 
• Class model-block 

- The class model-block .Table 221. a subclass « .he class bioTool. mav hove as many subclasses a, needed U> 
^resen the different mathematical models needed by the doma,n modeler, and some repn.sentame sulxla^ 
n aable "as examp.es. Some example, of genenc Simulation formulas "^o-pute the value ot 
SS2Spu. - those subclasses are shown m Table 87. Also .eluded is a ^"^1^°^^" 
det.ned bv the modeler, which is a place holder .or new parameters and/or vanables to be added, and for 
J££ r^era. or Simulated formulas tor tho* newly added variables. The additional attributes tor the class 
i-block tncludes "output !" and each subclass have additional specific attributes which are s.mple 
Tnb ,el parTmeters or vanables. and which vary m number and type (Table 221. A niode.-bloc .s an ,con,c 
oC preferentially used upon the subworkspace of a model-box. which encapsulates the components a 
mlmem ^ 

Z dependent on the values ot tnputs. wh.ch may be constant or may changed at run t.me. The inputs may be 
hTvea^T-of^ins.includ^ a, one or moreover attributes of the model-block; W™*""™^ 
5 other ob£cr, in the Virtual Model; c» one or more values originate from any externa source .ntertaced 
wi^ the sv*em, such as external sensors, databases, or external simulators; d) any aux.lury independent 
constant parameter, or variable; e) any timer or meter; or f) any cpmbinanon ot the aoove. 
- As shown ,n F1C.12. clicking on an ,n>,ance ot model-block (1222) displays its menu (1223) The "disable- 
o™ .1224) * used when a >e, o, alternative model-blocks ,s configured tor a given bu^oo. to disable .ho~ 
££££ in use. The "table" o F t,on (122* displays the table ot attributes U 22, ) and P™£^ W "* 
variables. Two classes ot variables defined to be used as attributed ot model-block, 
model-block^utput-var (Table 12) differ in the default settings: only the former has by default a Mmulat,on 
"btble and onTth. latt w keeps history of ,ts value, while both have an initial value and ,nde,.n,te validity 
iZval «o that ,'hev a.wav, have a value, and therefore can be used by the simulator. Clicking on the Jo, 
IVV) of the attribute "output 1 " displays its subtable. the attribute table ot an instance or 
m^^Lutput-var ,l£s>. Although the predefined mode, blocks classes have assorted ge^eru Mormu , 
« comout. the value of their output.l. the modeler mav want to override it by requesting, by clicking on the sk 

(P-» chows the table of an instance of model-hlock-var (1230). and cl.ck.ng on the Jot ol the attribute 
■ -mulatK^etails" (1231) displays * simula.ion subtable (1232) with additional atrnb-utes arnong t hem one 
<P?3, to hold the s,mula«.on fonnula to be written by the modeler. The parfcular subcla>> ~le< ed ,n h * 
IvVmple. a proportion;) f. .s defined w.th two additional attribute, given by simple float attnbu e. » „h .default 
values of 1.0 foV-gain- (1234) and 0.0 for "bias" (1235). which represent what the.r names ,nd,ca«e. 

• Class inference-block 

The class inference-block -Table 23). a subclass of the class b.oTool. may have a> many subclass as needed 
1 J ^TZ dinerem inference models needed by the domain modeler, and some repre^.a.,ve ,ubc.a^, ar. 

hZTrTb^) a, examples Some examples of genenc simubnon formula, used to compute the value o, the 
X »™ shown .n Table •«. The additional attributes for the c,a» ^e4*ck 

.32. Outcome, g.ven bv an outcome-par. and each subclass have addit 

<im P le attributes parameters or variables, and which van- in number and type (Table 23). An 'nteraice-block 
Zl rt£n pr^rentiallv used a, an attnbu.e of hioObjects. such as ..me-compartments. wh.ch repress an 
'^SSd bv the method, priding the value or i* Outcome, which is dependent on the value. 
" ^m ^e mputs mav he have anv type of origin*, including a ) one or more other attributes o, the 

mie7b3 b> one o ? more attribute* oi other obiects ,n the Virtual Mod* C oneor more value, or,g,nann, 
"ot n Vernal "urce interfaced with the svsten, such as external sensors, databases or external Simulator-. 
Tn aux , a" dependent constant, parameter, or variable: e) anv ,,mer or men* or „ anv combination o, 



the above. 



• Class button 

. The class button .Table 24) » a subclass of bioTool. which additional attributes mc.ude Tt^*£ A 
subclass of button .s action-button .Table 24). winch additional attribute, actton-proc-name hold, the name 
ensure invoked when that button ,s elected by the u>er. CUck.ng an ac„on-bu,,on tnggjr, „- 

defined a* attribute ot each subela». -uch as the one example sh.nvn tor h.de-Mip-u .-.atlba k (Table _t»t u r 
H.DE button A ct,on-bu,.on, play a *uppt«.ve role ,n rtti. .nvennon by controll.ng the d„ P .av. and ,n som. 
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cases the activation, of workspaces, allowing the interactive navigation through the entire Virtual Model. 
Other subclasses of button, named tracers, initiate important interactive tasks to create and displjy pathwavs. 
lists, or graphs from a point of view within the Virtual Model relative to the bioKeservoir or biol'rocess from 
which they are selected- 

- The class change-mode-button (Table 27) is a subclass of action-button with the additional attribute Mode, 
which upon selection starts the change-mode-callback (Table 27). A set of these buttons on a panel, with the 
Mode and Label attributes of each button of the set equal to each of the possible values of the user-mode 
attribute of the window, allows the user to interactively change from one user mode to another, for the 
particular window displaying the panel. The optional behaviors of many types of objects in this system are 
user mode specific, as defined within the Class-restrictions attribute of the object-definitions of the 
corresponding classes, such as the actions invoked when selecting their icons (Tables 20, 24. 28. 30, 32, 34. 4*. 
52, 53, 54, 65, 6f>). the options that appear on their menus, or the visible attributes. 

- The class path-tracer (table 28), a subclass of the class button with no additional attributes has subclasses 
with specific methods associated with them. The "show" option starts the path-tracer-handler-proc (Table 29). 
which calls the conf igure-tracer-proc (Table 29) and one of three optional procedures, depending on the class of 
the path-tracer from which this procedure was invoked, as described in later sections related to bioProcesses, 
Navigation Panel, Simulation Panel, and Experiment Panel, where they play a support role by controlling the 
dynamic creation and display at run-time of interactive pathways of either bioReservoirs or bioProcesses or 
both. 

- The class lists-tracer (Table 30), a subclass of the class button with no additional attributes has subclasses 
with specific methods associated with them. The "show" option starts the list-rracer-handler-proc (Table 31 ). 
which calls the conf igure-tracer-proc (Table 29) and one of three optional procedures, depending on the class of 
the lists-tracer from which this procedure was invoked, as described in later sections related to bioReservoirs 
and biolVocesses, where they play a support role by controlling the dynamic creation and display ai run-time of 
lists of either bioReservoirs or bioProcesses that are either upstream or downstream of the bioReservoir or 
bioProcess where the lists-tracer is located. 

- The class graph-tracer (Table 32), a subclass of the class button with no additional attributes has subclasses 
with specific methods associated with them. The "show-plot" option starts the 

transf-graph-tracer-handler-proc (Table 33), which calls the configure-graph-tracer-proc and one of three 
optional procedures, depending on the class of the graph-tracer from which this procedure was invoked, as 
described in later sections related to bioReservoirs and bioProcess. where they play a support role by 
controlling the dynamic creation and display at run-rime of graphs that plot the values over time of kev 
variables or parameters of those bioObjects. The actions performed by these procedures are similar, creating 
first a display with a graph and each a different set of predefined complex variables and then establishing 
relationships among those variables and the graph. The components of such display are discussed in more detail 
below. 

• Other subclasses of bioTool used in the current implementation of this invention include: 

- The instances of the class reference-block (Table 34) are used to represent each reference to published 
information that serve as the source for building the different parts of the models. Selecting a reference-bl«k 
displays the attribute table of each show information about the sources, such as the short-reference, authors, 
title, journal, institution and abstract. 

- The instances of the class bioObject-title (Table 35) are used to label subworkspaces. such as those of 
bioEntities. bioEntity-notes, subModels. A set of rules (such as the examples in Table 8(1) automatically set the 
text of those titles, based on the label of the object superior to such subworkspaces. 

- The classes reference-message and sequence-display (Table 36)are subclasses of the Shell's cla>s message 
used for display of text in the References Scroll and the Mol.Sequence, described below 

e) Group of Operating/Display Tools 

• The classes query-panel and entry-panel (Table 37) are both subclasses of the class uil-tailored-dialog. as 
defined in C2 Version 3.0. from which they inherit several attributes used for run-time processing. The different 
types of query-panel;, and entry-panels are designed as partially built master structures which are dynamically 
cloned and completed at run-time, upon requests from the user. The dynamically created Entry Panels (FIGs. 32. 
33 and 35) are used to interactively set-up and start constrained navigations, simulations, and experiments, and 
for selection of monitoring /control components. The dynamically created Query Panels (F1C.30) are used to 
interactively perform predefined complex queries, based on functional modular structure, relative position 
within the pathways, function (roles as bioReactants), or location in subcellular compartments. 
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-oll-areas are structures provided bv the Shell. !n this invention Scroll-areas are created dynamically and 
' ^ e en itl ,F,C,30 through 35, to li* and prov.de d.rec, access --dances a. 
bioObiects For example, a scroll-area .s created upon request trom an Expenment I anel F1GJ5) by select^ 
"n^RESERVO Rs'button (3506). Usnng in a scrollable fashion a!, named .nstances ot b.oReseno.rs ,n the 
tnu ?Mode, and prov,d,ngdir«t access to them. The scroll-messages that torn, the scrollable components or 
theTnZea. and which refer to the objects of .merest, can be ordered alphabetically or ,n other ways. 

ft Connections and bioPosts 

. Connections are used to connect v.sua.Objecs upon a workspace and are ^^^^J^T 
union ot the stubs attached to the b.oObjects involved, or by extending a stub ot a b.oOb,ect and attach nj, .t 
^tiv to noLr bisect, if the latter aUows manual connection, Several doma.n-spec.f.c connection, are 
tZ la sis of the Shell's dass connection, and represent different abstract concepts such as tnputs. ou^uts. 
^ eTalships. or information passed between objects. Stubs are handles on the that are 

cncked nd draped to create the connections. The definitions of the subclasses of btoEnbty b.oPool 

used can be graphically removed. 
. The detin,«ons of connection subclasses, some of which are shown in Table 38. indude the descnphons of the 
Cross ert on pattern that provide each w.th characteristic pattern and color to tac.l.tate visualization and 
m'" I n, and a predefined Stub length. Each of those classes , specific tor connecting particular 
^b anon, object! as descnbed below (FlCs. * and 7). Stubs of different 

allowed to connect to each other, to prevent the modeler from making ernmeous connection, Connection* 

compnse the following major classes: . <i,,iu, , ki,,Pr.v<iir."i 

the class p-connection represents a bioProcess input to a bioReservo.r. and more spec t.cally a b.oProduc > 
Zu bt.W nil of both unidirectional materia, flow and data flow. Several stubs tor F~«n~ 
are denned^ the top (7I« of the dass b.oPoo,. wh.ch may graphical.) connected (717) to *e one 
Z^ZZ^eJL^-p-^. A.so severa. stubs for p^nnect.ons are denned at the bottom (720) ot the 
atuToEn" ne wnich r£v graphical conne cted (609) to the one stub defined at the top ot each b,oProduc, 
- repents a bioRe>ervo,rs input to a bioProcess through a b,oReactant m terms o £ * 

^directional matenal flow and bid.rect.ona. data flow. An connection may connect ^^^P" 1 
^the bottom of a bioPool. or may connect («R) a bioReactant to .he top of a B.oEngme. Se^ eral stub* 
r<onn« tons are defined at the bottom (718) of the class bioPool. I* addition, the dass connects ha, man> 
m Sih differ ,n the.r characteristic cross secnon color pa.tem. and each connects adhere, r lass o, 
b^Reacunt to a matching stub of the same subclass denned a. the top o, a b.oEngme. The dettn.hon oteach 
!^a""" bioReactant specif.es within the stubs attribute the spec,* subc.ass o, connection, and the 
,1 , Z of each subc^ITo, b,Eng.ne speenes with.n the stubs attribute a se, ot spec,,, „*e ^ or 
connections and their locations. The purpose of this .mp.ementation , to prevent user>m ™ ~£*T 
connections, while directing the user to make the appropriate connections by matching the color pattern 

- the class model-boconnection has three subclasses, «aled-.npu.-tox-connec.,on (721 
.nou.-boconnect.on (722). and o U tp U »-box<onnection (723). used to graphically connect instance* 

a - „, a hioPr»l The stubs for these specific connections are denned tor each subclass ot 

modeler to match thecolor partem when making the connection* bioErttitlvi 

- the class link defines the connections between the component b.oEm.t.es (3019. 3021) of other b.otnt.t.ex 
representing the con.inu.ty of an ordered sequenceof fc , ^ bit , Kole .objec, The dass 

- the class icon-wire is a lool used to connect a b.oRole-po,t (703, Ah . ana / 1 u « ■ 
araph-link a tool used to connect either a bioEng.ne to various types ot tracers (,505. 3510. 3517. 

^ var,r! tv^s of tracers (3821. 3,28). After the connection ,s made, these connections are made 
^visible bv either a rule at run-time or by a procedure mvoked at .n.nal.zanon nm* . 
. The class BioPost (Table 3") is a subclass of of the Shell's class connect.on-post. Connecnon-posts are l,V* 
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?ioReservoirs and bioProcesses. wherever they are located. There are several restrictions built into the system 
ir this invention to orevent users from making the w rong connections, or to warn them that wrong connections 
have been made, such as when a bioReactant-post is given the same name as a bioPost that is not a 
biopool-r-post, or when a bioproduct-post is giv en the same name as a bioPost that is not a biopool-p-post. The 
various subclasses of bioPost (Table 1 ) will be further described below, within the overall description of 
bioReservoirs and bioProcesses. 

g) BioObjects 

• The class bioObject (bio-object. Table 40) is a subclass of the Shell's class object, with various subclasses and 
various restrictions when in different modes, as listed. BioObject comprises all the classes of knowledge 
structures used to represent the biochemical systems characteristic of this domain. These object classes are 
characterized by their defined attributes, which can be: a) simple attributes of various types, such as text, 
svmbols, integers, floats or truth values; or b) other previously defined objects, including parameters and 
variables of anv of those types, or lists and arrays of those types of elements. The values for the parameters and 
variables can be provided by any of a variety of sources, such as the user-inputs, interfaced on-line sensors, or 
dynamically bv the inference engine (for instance, through specific or generic formulas, rules or procedures), or a 
simulator (for instance, through specific or generic simulation formulas or simulation procedures), reflecting the 
changing values of the attributes defined within the knowledge structures and in the context selected by the user. 
The current implementation of this invention integrates encapsulated mathematical models made of simulated 
variables and parameters which values are computed by the Shell's simulator. 

• Alt bioObjects have at least three common attributes: a) Names, a Shell-defined attribute that binds one or more 
unique symbols to an object: b) Label a text attribute that allows to identify bioObjects that may not have a 
unique name; and cl Description is an optional text string that contains any additional information. While 
names are required in the current implementation for some bioObjects to be integrated into the pathways, such a> 
bioReservnirs. bioProcesses, and bioPosts, labels are preferred for identification in other cases, because they 
require less memory than symbols, do not have to be unique, their syntax is less restrictive, and offer more 
attractive options tor dispiay. 

• Among the major bioObject's subclasses, which further subclasses are described in later sections, are: 

- class bioNode-Object (Table 4(1): inherits all attributes and icon from bioObject and have no specific 
attributes, and can only have subclasses, not instances. However, there are methods that refer to this class, and 
therefore, like with many other classes throughout this system, the differentiation between classes may not 
appear in their definitions but rather on their behavior, through methods that applied to them. 

- class bioView-Object (Table -10): inherits all attributes and icon from bioObject, and can only have subclasses, 
not instances. A user-menu-choice labeled Details is defined for this class. Upon selection of this option from 
the kon of any instance of any subclass of bio View-Object by the user starts the procedure go-to-view-proc. 
which takes among its arguments the instance from which it was invoked and the current window and. 
depending on the value of the instance's Toggle-state attribute of hide or show, it causes the instance's 
subworkspace to be displayed or hidden, it toggles such value to the other value, which is an event that hres a 
rule that causes the instance's icon to be configured to its pressed or depressed appearance, and respectively. 
New attributes defined for this class comprise: 

- "references", defined for several subclasses of bioObject, is an optional text that makes reference to the 
sources of information and data used to construct and configure that instance of any subclass of bioObiect tor 
which it is defined. This attribute may be defined as: a) a simple text attribute, which the user may consult to 
pertorm independent searches, or using this invention search facilities, such as the Master-Reference-Panel (not 
shown); or b) a reference-array (Table 17) in combination with the user-menu-choice "show-references", which 
when selected by the user starts the show-references-of-array-proc (Table 107). which displays dynamically 
created copies of the instances of reference-block (Table 34) referred to by the values of that array. 

• "warnings" is an optional simple text attribute which value is set by the modeler to warn the user about any 
abnormalities or data included, such as, for a bioReservoir, when that particular pool of molecules have not yet 
been observed experimentally, but can be assumed to exist by analogy to similar systems, or when the pool ha> 
been observed but the quantitative data has been assumed. This attribute is used in conjunction with a design 
(723, 843) in the icons defined for all those classes and their subclasses as a separated color-region, called 
flag-color, that is changed to yellow to make the user aware of the existence of warnings, or back to any 
appropriate color. Those changes are automatically executed by procedures invoked during initialization, or at 
run- time by a set of rules. 

- "toggle-state" is an attribute also defined for objects which icon>' appearance change upon selection by the 
user, depending on the value of this attribute which alternatively switches between show and hide when the 
user clicks on the icon. 
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h) BioEntilies 

• A bioEntuv !s an iconic knowledge structure that represents any biochemical entity or their components, at 
different level* of structural complexity. Each bioEntity may have iniormation encoded in various ways, 
including: a) information and data stored in its table of attributes, and b) each bioEntity may have a 
subworkspace upon which the components that represent its functional modular structure are visually defined. 
A> shown in FIC.3U. selecting from a bioEntity icon's (3004) menu 13005) the "detail:," option (300M display* 
us structure (3007). which mav have several layers of detail (3008 through 3022). In the current 
implementation, functional components represent structural components that are relevant for the bioEntity's 
function and regulation, that allow the user to visualize the structural composition. The iconic composition i- 
also used in the inference used for processing of queries that involve the structure, which refer to bioEntities 
that have certain components in their subworkspace. Each functional component of a bioEntity belongs by 
.tself to a bioEntity class, either molecule or bioEntity-component or any of its hierarchy of subclasses. 

. The class bioEntitv (Table 42), a subclass of bioObject. has numerous subclasses, organized in a hierarchical 
structure with different levels, according to the way a biochemist would classify different molecule,, by taking 
into consideration their commonalities in chemical composition in the upper levels of the hierarchy, such as 
protein, nucleic acid, or lipid, followed bv a reference to their function, such as. within the class protein, 
active-polvpeptide. receptor, or enzyme. Table 41 shows a partial listing of such hierarchy, with some example- 
of the subclasses at different levels. Additional attributes include References, described above. 

♦ There are two major subclasses of bioEntity: 

- The class simple-bioEntitv (Table 43) includes all the subclasses with simple structures that are not further 
vi>uallv described in the current implementation, and they do not generally have subworkspace* with 
additional components. This class has two subclasses (Table 43). prote.n-site. and protein-modifted-group. 
each with its additional subclasses: Additional attributes include: 

- Id is a simple attribute that is used to hold a text to identify the instance instead of using a unique name; 

- Position is a simple attribute text that indicates the position of that component within the molecule when 
applicable, such as the position of an aminoacid in the sequence of a protein, and is usually displayed; and 

- Superior-bioentitv is a simple indexed attribute that holds the name of the first superior bioEntity in the 
workspace hierarchy that has a name, if any. a value that is computed by the program within the query 
reasoning and. a> explained later, this mechanism is provided to avoid repetition of structures that are shared 
bv vanous instances of the same familv or of other families that share regions of homology. " 

- The class complex-bioEntitv (Table 44) includes all those subclasses that can be further described by their 
components in their subworkspace,. As shown in F1C.30. selecting from icon s (3004) menu <3005) the 
"detail*" option (3O0#.) displays its structure (3007). which may have several layers of detail (300S through 
3022) Additional not previously described attributes include: 

- Master-bioentilv is a simple indexed attribute that may hold the name of a bioEntity that is displayed when the 
user selects the ''details" opfton. This value is set by the program upon cloning an existing named bioEntity 
using the create-local menu option, as described later. BioEntities with no names which Master-bioemtty name- 
another bioEntitv. the master bioEntity. can be considered as only a copy or pointer to the subworkspace. or 
Master-details, in the master bioEntity, but it can also hold additional information in its table ot attnbute- or 
in us own subworkspace. or Local-details. 

. The maior subclasses of complex-bioEntity, defined to deal w ith multiple lex els of biochemical structural 
complexity, include: 

- the class bioEntilv-component and its subclasses (Table 44) represent he lower-level molecular functional 
components such as: dna-component and its subclasses, such as dna-domain. promoter, operator, and so on: 
protein-component and its subclasses, such as protein-domain, protein-monf. and so on: and membrane and .t- 
subclasses. The subclasses of this class may have 4 stubs of the class link used to link different 
bioEntity-components. allowing for branching, and those stubs that are not used can be dragged awav 
Additional attributes include: Superior-broenlity and Position, denned above: and Size. 

- the class molecule (Table 4?) and its successive level of subclasses such as those of protein (Table 4ri, 
nucleic-acid and so on, represent the next level of complexity. For example, ss shown in FIC.311, a protein ma> 
have a set of domains or motifs, or a combination of both, and it may have in addition one or more pmte.n-vtev 
or protein-modit ied-gmups, connected to the domains and or moms at approximate locations, with the more 
accurate posrtton displaved in the "position" attribute. A protein-domain may also have in it> SW a set ot 
smaller domains or motits. or a combination ol both, and it may haw in addition one or more protein -site-, or 
protein-modified-groups, including copies of those connected to the icon of the domain. 

- the class heter-mol-complex and its subclasses, such as nuclwwme. tt-dna<omplex. represent a higher level ot 
ComDlexitv. A heter-mol-complex or a complex-molecule may be composed of other molecules. For example, a 
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-r-dna-comolex may have a dna or a gene icon in association with one or more icons ot" specific 
-ransCTiotion-factors. In turn, the structure ot a simple molecule is represented by an ordered set of bioEntities 
of the class bioEntity-component in its subworkspace. 

the class membrane and its subclasses, are used to represent interactions of several types of cellular 
membranes with other molecules. 

In addition to the structure in its subworkspace, additional information about an instance of bioEntity can be 
stored in its table of attributes, such as the example shown for a default instance of the subclass p.tyr.kinase 
(Table 4?). The inherited attributes shown are successively added through the hierarchy of its superior clashes 
molecule, protein, and en/yme, and include: 

Synonyms is a simple text attribute to list the different names by which a molecule or complex may be known: 

In-species is a simple text attribute to list the species or common name of living organisms in which that 

molecule or complex has been found, such as all, human, mouse, Drosophila. C. elegans. S, cerevisiae. and so on: 

In-tissues is a simple text attribute to list the tissues in which that molecule or complex has been found 

InCells is a simple text attribute to list the cell types in which that molecule or complex has been found. 

InOrganelles is a simple text attribute to list the organelles within a cell in which that molecule or complex has 

been found, and it may take values such as plasma-membrane, cytosoi. nucleus, and so on. 

Cas-number is a simple text attribute to indicate the CAS number assigned to that molecule, which is indexed 

to allow for faster searches and has a default value to indicate the preferred format: 

Mol-weight is a simple integer attribute to indicate the molecular weight of a single molecule or complex. 

preferably expresses in Daltons: 

Isoelectric-point is a simple float attribute to indicate the ist»electric point of the molecule or complex: 
Sequence is a simple text attribute to contain information about the sequence of a molecule, if relevant: 
Substrates-info is a simple text attribute to contain information about the known specific substrates or group? 
targeted by the en/yme; 

Inhibitors-info is a simple text attribute to contain information about the known specific inhibitors of the 
enzyme; 

- Ligands-info is a simple text attribute to contain optional information about any other ligand that may bind to 
die enzyme; 

• The class bioEnlitv-noles (Table -I*), a class of bioTool. comprise auxiliary structures located the 
subworkspace of a bioEntity, that serve as iconic containers for different t\-pes of specific information about 
the bioEntity. which can lie displayed by selecting the "details" menu option. 

1 BioReservoirs 

* Class bioReservoir 

- As shown in FICs. 12 and 13. a bioReservoir (1201) is an iconic object that represents an imaginary container 
of a population of similar molecules or molecular complexes, represented by a biol'ool (13111). A bioReservoir 
has several operational functions and encapsulates several forms of knowledge. A bioReservoir s menu ( l^i'Zi 
provides access to a varietv of tasks to be discussed in sections below. Here we will define some of the 
components involved. The "table" option (1203) displays its table of attributes (12C4), which hold* value? set 
bv the modeler that, in addition to provide useful quantitative or qualitative intormanon to the user, may Iv 
used bv the program to set the initial conditions before a simulation is run. The values of some of the attnbute- 
of a bioReservoir characterize the system and are stored as pan of the permanent database. The values ot other 
parameters and variables pertaining to a bioReservoir which are computed when a simulation is run, but which 
do not usuallv require to be set by the modeler, are hidden for convenience as attnbutes of the biol'ool contained 
in each bioReservoir, as described below, but they could as well be implemented as attributes oi the 
bioReservoir. < 

- The class bioReservoir (Table -17) is a subclass of bioView-Object and its subclasses (Tables 47 and 4>v 
include: bound-mol-reservoir. sol-mol-reservoir. cell-reservoir, exp-cell-reservoir, genet-mol-Reservoir. some 
with further subclasses . All instances of all subclasses of bioReservoir have an activatahle-subworkspacr. 
which means that an v object upon such subworkspace are not recognized by the inference engine or the 
simulator unless the subworkspace is activated, and therefore any of the tasks associated with their icons are 
not functional when inactivated. When the application is started, all those subworkspaces are deactivated, and 
in the current implementation of this invention they are activated when the general initialization pri*edun« .ir* 
invoked, as described below. In FIC.12 is shown a table of attributes (1204) of an instance not yet configured, 
shown here with its default values. The unlikely default value of V.9e-W given to some of those attribute-, 
which provides a) a signal for the u^er that an adequate value has not been entered yet by the modeler, and b> j 
branching criteria tor the inference engine. Attributes newly defined for this class and it- subclasses not 
previously described include. 
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.- Con.partm.nt (1205) is an simple attribute optionally set by the modeler to reprint the physical boundaries 
jr the contained btol'ool: . , . u 

- Status (12%) is a svmbolic attribute which value is set and used at run nme by the simulation and other 
Procedures a. an aid in the activation of pathways and in the creation of interactive pathway displays. It can 
take anv of the values specified in the definition table and it is not visible to the modeler or other users. 

- Ref-bioentitv (1207) is an optional attribute optionally set by the modeler to point to the b.oEnt.ty .nstance 
that describes the structure of a unit representative of those populating that bioReservo.r. This value ,s used by 
the program when the user selects the "bioEnttrv" option from the menus of either the bioReservoir itself or any 
of the bioReactants and bioProducts distantly connected to its bioPool. and that ophon appears on those menus 
onlv when the value of this attribute is not the default value none; 

- Mas.er-biores.rvoir<1208) is set onlv bv the program when copies of named bioReservo.rs are made, such a, 
those used in the creahon of in.eract.Ve pathway displays, and is used by the program to display the 
subworkspace of the bioReservoir referred to by the value of this attribute, when the "master^ieta.ls menu 
option is selected bv the user. This attribute is not visible to the modeler or other users. 

- Decav-rate-factor (1209) is a parameter which value may be entered by the modeler or can he modified at run 
nme bv rules or procedures. Its default value is 2.0e-4. a value small enough not to cause dramatic changes but 
in l,ne w.th some experimental observations in the domain of this invention, but it should preferably be modified 
bv the modeler to better reflect individual cases; 

- H-scaling-amount (1210) is a simple attribute set by the modeler to indicate to the program the value to be used 
to intercom-** between the absolute-valued and the scaled-valued variables or parameters of b.oPools and 
their connected bioReactants. The complex methods used for this conversions differ, depending on theclassesot 
biol'ools and bioReactants involved, as discussed in more detail under the Simulation Mode heading. Its 
default value of 100 is used if not modified bv the modeler, if the value of the ,f-scaling-bioreservo.r attnbute .> 



If-scaling-bioreservoir (1211 ) is a simple attribute which value may optionally be set by the modeler to 
indicate to the program that the value of the if-scaling-amount should be taken from the bioReservo.r named by 
this attnbute This value is onlv required or used when the value of the if-scalmg-amount attnbute is the 
default, otherwise, the later value is used and this attribute is ignored. This and the previous attnbute are not 
visible in General Mode; 

Scaled-basal-amount (1212) is a float simple attribute set be the modeler that represents th*scaled valueot 
the amount of units in the contained bioPool under normal or basal conditions, equivalent to a fraction ot the 
maximum amount that this bioPool can reach under optima! physiological conditions. Since in many occasions 
in the doma.n of this invention neither the basal nor the maximum amounts can be measured or known with 
certaintv, this value represents in such occasions the best estimated guess, and it is an important 
semiquantitative knowledge component. The default is the unlikely value of 9.9e-«9. 
Phvsiol-abundance (1213) is a svmbolic attribute which value is set by the modeler to indicate the 
Physiological level of abundance of the contained entity in the compartment represented by that bioReservoir It 
is a svmbolic replacement of the previous attnbute when the has not been mod.fied by the modeler The 

values allowed for this attribute in this invention are: highest, abundant, steady-state, low-.nduced or only 
induced, which curren.lv correspond to the scaled values of 1 0. «*. 05. 0.1. and 1 .CW-9. respectively However, 
thisdefault scale can bechanged to different values, and additional symbols and values can be added to the 
scale As and alternative, fuzzv-sets can be defined for the values of this attribute, and tuz/y-log.c can then be 
applied to those values. The reasoning for u,ing the values of either the previous or this attribute, in 
connection with one or more of the follow.ng attnbutes. are diseased in more detail under the Emulation 

Mode heading. j , . 

- Normal-basaKoncentration (1212) is a float simple attribute set be the modeler that represent, the 
phvsiological averaee value of the concentranon of the entity contained in a sol-mol-reservoir: 

- Norm.l-basa density (instead of 1 214) is a float simple attribute set be the modeler that represents the 
averaee value of the densitv of the entitv contained in a bound-mol -reservoir. 

- Physiol-max-concentra.ion (1215) is a float simple attnbute set be the modeler that represents the 
Theological maximum value of the concentration of the entity contained in a sol-mol-reservoir. 

- Phvsiol-max-densitv (instead of 1215) is a float simple attribute set be the modeler that represents the 
phvsiological maximum value of the density of the entity con tamed in a bound-mol-reservo.r. 

- Electing the "details" option (1216) displavs the subworkspace (1217) which contain the components that 
characterize a bioReservo.r. The clasps of those components that are using in the modeling proces> are detineo 
below, while other auxiliary structures are described in later section. The descriptive qualitative, structural, 
and functional information of a bioEnt.ty „ kep. in this invention separated trom the com.gurable add.t.onal 
quantitative information that characterizes each bioReservo.r. allowing the Rel-b.oenmy ot several 



34 



WO 96/22575 



PCT/US96/00883 



WoReservoirs. representing populations of the same type of entity in different locations or points in time, to 
point to the same bioEntity to reduce the size of the Virtual Model. 

• Class bioPool 

• The class bioPool (Table 49) is a subclass of bionode-object and comprises several subclasses, such as 

sol-mol-pool, bound-mol-pool including those defined in Tables 50 and 51. A bioPool is defined with a 

characteristic icon with two sets or stubs of two classes of connections: a set of p-connection stubs at the top of 
the icon, and a set of r-connection stubs the bottom of the icon. As described above, each p-connection stub (716) 
is to be connected (717) to a biupool-p-post (712) and each r-connection stub (718) is to be connected (719) to a 
biopool-r-post (70-1) on the subworkspace of the bioReservoir, which allow to establish distant connections to 
a bioReactant and a biol'roduct, respectively, and allow bidirectional flow of data and control between them. 
As shown in FIC.13. even,' instance of bioPool (1301) has an associated menu (1302). and selecting the "table" 
option (1303) displays its table of attributes (1304). Several of the attributes of a bioPool are variables or 
parameters, which include a density-related set and a concentration-related set, which values do not have to be 
set by the modeler (with the exception of the basal quantities, which are preferably set by the modeler if known, 
but they are not required, since they can be computed from the set values of other attributes of the bioReservotr, 
or their default values), since they are inferred or simulated, as described under the Simulation Mode heading. 
The units of all the parameters and variables of all bioPools connected to the same bio Process have to be 
appropriately matched. Newly defined attributes of bioPool comprise: 

- Basal-Density (1305) is given by a basal -density-par (1306). The subclass sol-mol-pool has additionally a 
Basal-Concentration (1321) given by a basal-conc-par (1322). The values of either of these attributes may be 
?et by the modeler to indicate: a> the normal physiological steady state density or concentration, oranv other 
appropriated measured or assumed value, for physiological molecules or complexes, or b) 0.0 for 
pharmacological or other molecules that are added to the system from an external environment. This value i> 
required for any bioReservoir that participates in a simulation, and if its default value has not been overridden 
by the user with a new value, the program sequentially pursues other sources of the Basal-Density value, as 
determined by a generic basal-density-procedure which is called during the activation process of a simulation, 
only for those bioReservoirs that have been activated for a simulation; 

- Scaling-Densily (1307) is given by a scaling-density-par (1308) which value is inferred by a procedure '■• 
invoked at initialization, as discussed in more detail under the Simulation Mode heading. This value is used by 
simulation formulas to interconvert scaled values and absolute values. 

- Density-Entry (1309) is given by a density-entry-pvar (1310). It takes the' value of a user-input at a time; or 
different times intervals, during simulation as defined by the user in an input-panel, during the simulation set-up 
process. It has a default value of 0.0. and a new value may be inferred and set by a procedure called when the 
simulation is started, and, after the new inferred value has been propagated, it reverts back to the default value 
of 0.0. This value is an argument to the Accumulation, where it is summed to other inputs and outputs; 

- Scaled-Entry (1311) is given by a scaled-entry-pvar (1312), and it is the scaled equivalent of the 
Density-Entry, with its value set and used in a way similar to that described above; 

• Input-Rale (1313) is given by a input-rate-pvar (1314). which value is given by a simulation formula that sum- 
all the visually defined inputs, including: a) the current values of the Producrion-Raie of all the hioProducts 
connected to the biopool-p-postsof the bioPool, if any; and b) the input modeled by means of a model-block 
contained in any connected input-model-box (or scaled-input-model-box), if any; 

- Output-Rale (1315) is similarly given by a ourput-rate-pvar. which value is given by a simulation formula that 
sums all the visually defined outputs, including: a) the current values of the Consumption-Rate of the consuming 
bioReactants connected to the biopool-r-posts of the bioPool, if any; and b) the output modeled by means of a 
model-block contained in any connected output-model-box, if anv; 

- Accumulation (1316) is given by an accumulation-pvar. a time variant and continuous state variable which 
represents a quantity in the classical systems dynamics sense which, given an initial value here set to be equal to 
Hie basal-amount (or scaled-basal-amount), as discussed under the Simulation Mode heading, integrates the 
tnput-rate, the output-rate, the input entered by the user through an input-panel, if any, and the decay term, 
which is a function of the current value of the Concentration or Density a* given by the decay-rate-factor of the 
bioReservoir (a decay rate constant in sec A (-l )) which represents a variety of outputs not modeled visually or 
through a model-bkxk. including the degradation and diffusion components). Since at steady-state the overall 
rate of output is equal to the overall rate of input, then, by definition, the Accumulation should approach 00 in 

a closed system, in the absence of additional external disturbances, such as user-inputs or inputs modeled bv 
model-blocks. 

- Density (1317) is given by a density-pvar (1318) which value represents the number of molecules, complexes, or 
cells per liter, or any other unit of volume, such as the volume of the reaction mixture in a reactor. The subcla» 
xil-mol-pool has the additional attribute Concentration 11317) given by a scaling-density-par (1318). which 
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value .n M I Molar) represents moles per liter. In the implementation used to illustrate this .nvenhon, 
-unubt.ons ooerate bv default based on the Density of the b.oPools involved. In the case of sol-mol-pool. where 
the quantities used bv scent,s* nuv be most commonly given as Concentrations, the second set ot concentranon 
related variables is defined to facilitate user-input, but those quant.t.es are preferably transtormed into 
densitv-related variables bv the program, using Avogadro's number <h.023e23 molecules per moll, before 
integration with other quantities. However, several other types of qua nriries could be used as well, w.th little 
conversions to other units of measure, such as activity (X-un.ts rimes Y-unit). amount (X-un.ts>. or others itype* 
of densities <such as X-un.ts per Y-unit). The same concepts and the same type of formulas, rules and procedures 
applv to otherquanhnes. and a variety of units may also be allowed for entries from the user or other external 
sources bv providing lookup-tables or anv other standard methods for automatically converting any of those 
units to the desired target units. Hence, the modeler has the option to design and define a system totally or 
partiallv based on a different quantity measurement, as long as proper care is taken to maintain consistency 
throughout the svstem. In those cases, the quantities entered by the modeler in the attribute slots ot the 
bioReservo.r that refer to physiological levels would also have to reflect those different sets ot units. 
. Scaled-Amount (1319) is given bv a scaling-density-par (1320). which value represents an scaled, 
dimensionless. alternative to Dens.tv. Concentration, or any other absolute-valued quantity. This attribute ,s 
used in the default scaled reasoning, which is the preferred method when dealing with biological systems, when 
absolute quantitative data is incomplete, and much of the data available is from relative measurements. The 
Scaled-Amount can be converted into a Density, and viceversa, by using the value of the Scal.ng-Dens.ty ot the 
bioPooi. 

• Class bioPool-posl 

* The class bioPool-post is a subclass of bioPost (Table 52) and has two subclasses: biopool-p-post (712). which 
is to be connected to an mput p^onnectum a. the top ot a bioPools icon, and its name is to he given to one 
bioproduct-post to establish a distant connects; and biopool-r-post (704, 708) which is to be connected to an 
output r<onnechon at the bottom of a bioPoofs icon, and its name .s to be given to one b.oReactant-post to 
establish a distant connect.on. BioPool-posts are located upon the subworkspace ot a bioReservo.r and 
connected a bioPooi. which f unct.on in combination with bioRole-posts is to connect the bioPooi to one or more 
bioEn«?.nes The additional attributes for this classes include: 

- Id is a simple text attribute used as a unique identifier, instead of the unique name, in some types ot pnKe^.ng, 
such as in the alternative simulation procedures described in that secnon; 

- Ref-bioprocess is a pointer to the bioProcess instance that contains the bioProduct or bioReactant to which 
the b,opool-p-pos. or biopool-r-post, respectively, are distantly connected. The value is interactively set by 
selecting the "*et-refs" menu option of the bioproduct-post or bioReactant-post to wh.ch .t is distantly 
connected;, and it is used by the program for interactive navigation through bioReservo.rs and b.ol rocesses. a, 
described below. 

• Class model-box 

- As shown ,n F1C 12 a model-box .s an iconic obiect located upon the subworkspace of a bioReservo.r and 
connected to .ts b.oIWI. wh.ch function is to hold and connect the optional model-bltKks on its subworkspac. 
w the bioPooi. The class model-box (Table 53) i> a subclass of bioTool and has three subclasses, each play.ng a 
different role as their name indicate: scaled-.nput-model-box (1218). input-model-box (123*), and 
output-model-box (1237) . Model-boxes are interactively created bv selecting a menu opnon o. the ^>**« 
bioTW as described below. An instance of model-block is connected manually to the connect.on-post 
which comes with the subworkspace of a model-box. The superior connect.on of such connect.on-po* that 
defined bv the stub of .he model-box that contams it. and therefore, the model-block (1222) connected to it is 
d,s«antlv connected to the bioPooi to which the model-box (1218) i, connected. The menu opaon« *va> 

all subcla^es of model-bo* aredifferent. depending on the user mode When cl.ckmg on a model-box (1. K> >n 
any ot the user modes bypasses .ts menu (1219) and selects the "show-sw" opnon (1220). which causes ,., 
subworkspace (1221) to be displayed. 

j) BioProcesses 

• Class bioProcess 

. The class bioProcess (Table 54) is a subclass of bioView-Object. and comprises the subclass cell-bioProc*». A 
<hown ,n FICs. 14 and 15. a bioProcess is an .conic object (1401) which subworkspace (140, ) contains 
components that v.suallv represent the preconditions (hioReac.ams). the process engage (bioEngme. and ,h. 
e,fec\s (bioProducts, of a pnKess as connected objects with encapsulated variables and parameters .tut 
descr.be the proces, qualitative^ and quant.tat.vely. The subworkspace o. b.oProcesses .s acmatable. 
allowmc to control the availabilnv or it* components by activating or deactivate the subworkspace In the 



WO 96/22575 



PCT/US96/00883 



jurreni implementation those subworkspaces are activated w ith the general initialization procedures, as 
jescrired under the General Mode heading. The many different types of bioProcesses are all instances of that 
class or its subclass, and differ mainly in the iconic components upon their subvvorkspace. The different types 
are also visually distinguished by different colors for the type-color region of their icon, which is changed 
programmarically to be the same color as the color of the type-color region of the bioEngine they contain. 

A bioProcess has several operational functions and encapsulates sev eral forms of knowledge. Each instance or 
bioProcess has a menu (1402)provides access to a variety of tasks to be discussed in sections below. Here we 
will define some of the components involved. The "table" option (1403) displays its table of attributes f 1404) 
which holds various attributes, some of which have values that are set by the modeler and provide information 
for the user, and others are auxiliary attributes hidden from modelers and users which values are set and used 
only by the program at run-time. Most attributes specific for this class have been previously described for other 
classes. Newly described attributes include: 

- Master-bioprocess (1405) is set by the program when copies of a named bioProcesses are made, such as those 
used in the creation of interactive pathway displays, and is used by the program to display the subworkspace of 
the bioProcess referred to by the value of this attribute, when the "master-details" menu option (visible only 
when the attribute has a non-default value) is selected by the user. This attribute is not visible to the modeler or 
other users. 

- The "details" option (14IV>) displays the subworkspace (1407) with all its visual components. In addition to 
other auxiliary structures to be discussed below, the main components comprise a single bioEngine (1501) 
which represents the interactions between the inputs represented by the bioReactants (1408 and 1419) where 
the biuProduct(s) (1 518) are generated. 

- As described below (FIC.32), a cell-bioProcess may contain bioReactants and bioProduct that represent pools 
of cell?, in addition to containing bioReactants and bioProduct that represent pools of chemicals. So it is 
possible to have bioProcesses where molecules interact with molecules, as well as cell-bioProcesses where 
molecules (3205) interact with cells (3204), or cells interact with cells. In addition, there may be a pool of pairs 
of interacting-cells as a result of cells interacting of cells (not shown). Other type of bioProcesses represent 
translocation processes between location compartments, where the bioReactant represents a fraction of a given 
bioPool in a given compartment which is removed from that bioPool and transferred, with a time-lag if so 
desired, to the target bioPool which is connected to the bioProduct, and which represents a different pool the 
same entity in a different compartment. Additional types of bioProcesses represent transfer of cells from a 
bioPool representing one state of those cells to another bioPool representing a different state of those cells. 
Each of these types of bioProcesses contain the appropriate subclasses on bioEngines. There are many other 
types of bioProcesses defined in this invention and. in addition to those examples already mentioned, some 
others are discussed with the modeling approaches below. Many more types of processes can be represented by 
composing additional types of bioProcesses by a modeler skilled in the art. 

• Class bioEngine 

- The class bioEngine (Table 56) is a subclass of bionode-object and compnses a hierarchy of subclasses. A tew 
examples of which incremental definitions are shown in Tables 56 through 58, such as: am pi it ier-hioengme. 
binding-bioengine, lumped-bioengine and cell-bioEngine. Each bioEngine's icon has a number of stubs of 
different types ot r-connections at the top, to be connected only to bioReactants, and a number of stubs of 
p-connections at the bottom, to be connected only hi bioProducts. The number and class of defined specific 
r-connecrions specify the different classes of bioReactants to be connected, such as enzyme.r. substrate.r. 
inhibitors, receptor.r, agonist.r, antagonists or unit.r. The bioEngines of the class lumped-bioengine. including 
those with two or more enzymes, represent lumped models of a two or more reactions in series, and are used to 
model stretches of pathwavs which detail is either not desired or not known, and only the rate limiting 
reactions are represented. 

- The major subclasses of bioEngine (Table 55) are arranged according to the type of reaction or process they 
represent, indicated by their names. The next level of classes usually refers to the type of activity of the members 
of the class and is usually characterized by the class of the variable that defines its Velocity attribute. Further 
subclasses of each of those classes are defined according to the number and type of their defined stubs, which in 
turn determines the number and classes of connected bioReactants, and further by color coding the icons to show 
further specialization, such as using different type-color for different types of enzymes, such as protein-kinasev 
protein phosphatases, and so on. Further differentiation between particular instances can be generated by 
selecting as the value of their Velocity attribute an instance of different subclasses of velocity-pvar. The 
nomenclature used for each subclass refers to the defined bioReactants. such as: _ 

- bioengine.El £2.1 I.Em isan en/.yme-bioengine that represents an enzymatic reaction and which icon has at the 
top four stubs: one for the enzyme.r. two for substrate) .r and substrate2.r. and one for an inhibitors. 
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b.oengme.RI.Ll.Anl.Rm is a receptor-bioengine which icon hasat the top three stubs: one for the receptor.r. 

oneforligand.r.andone for an antagonists; ,-h,n.... 

b.^nguie Ml.Efl.Anl.CCm is a conform<hange-bioengine that represents an induced conformational change 

process which ,con has at the top three stubs: one tor modifier. r. .me tor effector.r, and one tor an antagonists. 

bioensine U2.CFm is a complex-tormahon-bioengine that represents (he formation ot a complex trom nvo 

previously independent b.oEntities (which may themselves be complexes) and which icon has at the top two 

stubs: one for unit) .rand one for unit2.r; 
• b.oengine.Cl .Ml.CDm is a complex^lissoc-bioengine that represents the dissociation ot one complex induced by 

a mediator into two or more independent bioEnriries (which may themselves be complexes) and which ,con has 

at the top two stubs for complex.r and mediators. 
. bioengine.chl -iil.Ll .ICm is a channel-bioengine which icon has at the top three stubs, one tor channels, one tor 

lon-lnput.r. and one for antagonist. r; 

- b.oenpine CI .Inl Tm is a translocation-bioenpine that represents a translocate between d.tterent 
compartments and which icon has at the top two stubs: one for earners and one for .nput.r; 

> As shown in F1C.15. a bioEngine (1501) is located upon the subworkspace of a bioProcess that represents the 
action of anv process, such as synthesis, modification, complex-formation. translocation diffusion, ^anon. 
and soon. Ject.m; the "table" .option (1503) from the menu (1502) ot a b.oEng.ne (1501) displays its table o, 
attributes (1 504). in this case with the default values. Newly defined attributes not previously described 

- VelSy (1^05) is an attribute specific for each subclass which value .s an instance of any of the subclasses of 
rate-pvar described above, which for the receptor-b.oeng.ne shown .s a bind.np-rate-pvar (150b). The value> 
tor this dependent vanable are provided by penenc Simulation formulas that model the rate o. the interactions 
„, the bioKeactants connected to the bioEngine. Its arguments may be the Contnbutions ot each ot its 
b.oReactan.s. when u s mg the scaled set of variables and formulas, or the bioReactan. s kmehc-coemaen.s and 
the Densities. Concentrations or other quantities of the bioPools connected to the bioEngine through the 
bioReactan*. Its output is an argument for the Consumpt.on-Rate and Production-Kate ot the connected 
bioReactants and bioProduCts, respectively. Therefore, this attribute may take as arguments either a set ot 
scaled-valued variables and/or parameters, in which this attribute would be also scaled-valued or a set ot 
absolute-valued vanables and /or parameters, ,n which this attribute would be also absolute-valued, 

- R^owUnt-sec (1 507) is a s.mple float attribute which value may optionally be set by the.modeler to 
prov.de the rate<onstant in seconds for theoverall pnKess. This value is used, in combination with the 
Contribution, bv the set of generic simulation formulas that use the scaled set of variables, wh.ch is currency 
the default mode of operation. The default value i> used if no other value is set by the modeler 

- Tau<oef( ItW i< bv default a simple float attribute which value may optionally be set by the modeler to 
modifv the r'ate-constant-sec bv such factor, allowing tor testing the effects ot a modif.cation o, such parameter 
on the simulation ot the svstem without having to change the value o. >uch parameter which may have been 
obtained expenmentallv.' This value .s incorporated bv detault .n the generic formulas prov.ded, and .t no. 
contmuredbv the modeler, multiplying by its detault value oi 1.0 ha.no effect on the system. 

- Bias (I W> is a <imp1e float attnbute which value may opnonally be >et by the modeler to mod.ty by a constant 
amount the ra,e<ons«an.-s«. for testing purposes, without having to change the value ot the later attnbute. 
This value is incorporated by default in the generic formulas provided, and .t not cont.gured by the modeler, 
addinu its default value of 0.0 has no effect on the system. 

- Time-lag (1^10) is an optional time-interval attribute that may be useful for certain instances of b.oEngtne. 
which value given bv a rime-delav-par (1511 ). is optionally set by the modeler to indicate the period ot t.me by 
which the fonvardtng of the computed output of me Velocity of a b.oEngine. isdelayed. It 

delav equivalent * homing an amount from a b.ol'ool for the specif.ed penod ot tune, wh.ch „ returned at, er 
that timehas elapsed. An example of ,ts use ,s when a bioReactant and a bioProduct ot this P>«««™ 
onnected to the same b.oPool. and the forward.ng of the output vaiue of the Velocity ,s delayed^ The va.ue o, 
Z attribute mav also be modified a, run t.me. as a result of dynamic events related to this or other proce„e>. 
and mav be smiula.ed or mferred by means o. modeler-defied formulas, rules, or procedures: 

- pH (1<P) and Temperature (1516) are opt.onal float attributes which values are g.ven by a ph-par MM. 1 
and a temperature-par and wh.ch. as their name indicate, represent the environmental conditions under wh.ch 
the proceTtakes place. The value, of these parameters may van- at run time, a, a result ot dvnamic event> 
Ifrrtms or other prr«***. and .,v be s,mula,ed or interred bv means of modeler-detmed formulas, rule, 

- Xevt^n-factor ,1514) and Temp-devia.ion-factor ,1517, are optional- float attributes which values 
are g.ven by a ph-tactor-par , 1 51 5» and a temp-.ac.or-par and which are u~d in con.unoon w.th F H or 
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temperature", respectively, and represent a correction factor that either accelerates or decelerates the 
process wnen the values of either the pH or the temperature deviates from their defined default values. If used, 
the values of these parameters may remain constant or may vary for different values of the pH or temperature, as 
defined by a tabular function similar to a look-up table. 

• Class btoRole-Objcct 

- The class bioRole-Object (Table 59) is a subclass of bioObject. and has two subclasses: bioReactant and 
bioProduct. A bioRole*Object is an iconic object that represents the role that units from a bioPool plays in a 
bioProcess, either as a different types of bioReactants, such as: enzyme.r, substrate.r, inhibitors, subunit.r, 
receptor. r. agonist r, antagonists, carrier. r. and so on, each represennng the specific roles of the inputs that 
different bioReactants provide to the bioEngine, or as a bioProduct. 

- As shown in F1C.14. a bioReactant (1408 and 1419), is connected by an input r -connection at the top of a 
bioEngine, and represents the material contribution from a bioPool to the btoEngrne to which it is connected. To 
be operational, the bioReactant-post connected to a bioReactant must have the same name as one of the 
bioPool-r-posts connected at the bottom of a bioPool. The two bioReactants shown are representative examples 
of a pair of two interacting molecules or complexes with complementary roles or functions: a receptor and it* 
ligand; As described earlier, may other combinations of two, three or any other number of interacting 
participants are possible, to represent other types of processes, such as combinations of enzyme and 
substrates), units that form a complex, and so on. These combinations may also include antagonists or 
inhibitors, which may alternatively be represented as competing in a separate process, the latter being the 
preferred alternative in the default implementation using the scaled set of variables and simulation formulas. 

* The class bioReactant (Table hi) comprises a hierarchy of subclasses, such as: amplifier-bioreactani. 
source-bioreactant, leading-bioreactant, binding-bioreactant, inhibitor-bioreactant, single-bioreactant, 
cell Reactant. cell-receptor, extracelMigand, and their subclasses. A few examples of their incremental 
definitions are shown in Tables 61 through 64. There are several attributes common to alt subclasses of 
bioReactant, while each subclass has one or two specific attributes. Every bioReactant (1408 or 1419) has its 
menu (1409 or 1420), and selecting its "table" option (1410 or 1421 ) displays its table of attributes (1411 or 
1422). in this case showing the default values for their attributes. New and not previously described attributes 
specific for any of the subclases include: 

- Stoichiometric-coeff (1 412) is a simple float attribute of all subclasses of bioReactant and bioProduct. which 
constant value represents the characteristic stoichiometric coefficient of that participant in that particular 
bioProcess. in other words, the set of the stoichiometric-coeff of all bioReactants and byproducts of a 
particular bioProcess indicates the relationship between the number of units of each bioProduct produced per 
number of units of each bioReactant: 

- Alpha-coeff (1413) is a simple float attribute which value may optionally be set by the modeler to modify by a 
factor the Contribution, which value is computed by the program. This is of interest'for testing the effects of a 
global modification of such variable on the simulation of the system. This value is incorporated by default in 
the generic formulas provided, and if not configured by the modeler, multiplying by its default value of 1 .0 has no 
effect on the system. Alternatively, the modeler may delete the alpha-coeff-par and provide instead a simple float 
value 

- Contribution (1414) is an attribute of every subclass bioReactant which value is given by a cuntribution-pvar 
(141 ?), which value is dynamically computed while a simulation is running. The meaning and use of thi> 
attribute is a novel teaching of this invention, designed to meet some of the challenges posed by the domain of this 
invention, where both qualitative and quantitative knowledge is frequently scattered and incomplete. This 
attribute represents, as its name indicates, the Contribution of each bioReactant to determining the overall rate 
of the transformation that the bioProcess, as represented by the Velocity of its bioEngine. the contribunon i* a 
variable that can take values from 0.00 to 1.00, and represents a dimensionless scaled concentration lor other 
equivalent quantity variable). The scaling of the concentration is done at the bioReactant level, rather than at 
the bioPool level, to allow for additional flexibility. In this way, the absolute concentration can be scaled 
differently for each bioEngine, centering around the specific constant that characterized the molecular 
interactions between each specific pair of bioReactants. The type of constant may be different for different 
bioReactants representing the same BioPool depending on the role played by each bioEnrity in a given 
bioEngine. such as a Km for each substrate, the Ki for an inhibitor, the Ks for ligands or complex-subumts. The 
default values for all types of contribution are equal to: a) 0.5 for normal steady-sta te physiological conditions 
(for that particular compartment): b) 0.0 for bioPools of inducible proteins or non-physiological molecules: or 
c)1 for constitutive and repressive proteins. The user can either directly override a relative value ur leave the 
default values. A generic formula specific for each of the bioReactant classes determines how the value or each 
contribution class is computed. 
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- Consumplion-Rale (141f>) is an attribute of every subclass of bioReactant which value is given by a 
dependent consum-rate-pvar (1 417), which value is dynamically computed while a Simulation .s running, and 
indicates the rate of consumption of units of the connected bioPool in such bioProcess. Its arguments are the 
bioReactants sto.chiometnc-coeff and the Velocity of the bioEng.ne. and its value ,s an argument tor the 
Output-Rate of the connected bioPool. For those classes of b.oReactants that are not consumed m a reactton. the 
value of this attribute rema.ns 0.0. In this invention, an enzymer or an inhibitor; are preferably not consumed 
in the enzyme-processes. However, they may be retained, by modeling them with a t.m^elay-var with its 
specific formub Note that the connected bioReservoir may be configured for the quantity of the b.ol«0ol to 
decay dynamically, representing their degradation and diffusion components, and it also may be consumed ,n 

• E^iSndh^-sites (1418) is a s.mple float attribute of the subclasses of bioReactant that refers to 
molecules or complexes that have binding activity, such as ail the subclasses of ampl.fier-bioreactant and 
-.eadinK-bioreaoant. and its value is set by the modeler to indicate the number of effective binding s.tes per un.t. 

* Kineticparameters are bv default simple float attributes specific tor some subclasses of b.oReactants. which 
values are optionally set bv the modeler to indicate the value of the kinetic parameter characteristic for that 
particular instance. A set of two attributes is provided for each of such subclasses one to hold the absolute 
value and the other to hold a scaled value of such kinetic parameter, which are used by the set ot abso lute 
genenc simulation formulas used in conjunction with the absolute-valued variables, or by thecurrently detault 
L of scaled genenc simulation formulas used in conjunction with the scaled-valued variables, respectively^ 
'Alternative*, in cases where the value the Kin.tk-parame.ers are by default simple float attnbutes specific 
for some subclasses of WoReactants. which values are optionally set by the modeler to indicate the value ot the 
k,ne„c parameter characteristic for that particular instance. A set ot two attributes is provided tor each ot 
such subclasses, one to hold the absolute value and the other to hold a scaled value ot >uch kinetic P»«meier 
which are used bv the set of absolute generic simulabon formulas used in conjunction with the absolute-valued 
variable* or bv the currently default set of scaled generic simulation formulas used in con,unchon with the 
scaled-valued variables, respectively. Alternatively, in case, where the value the kinetic-parameter .s 
hme-vanant and dependent on other variable values, the modeler may choose for individual b.oReactants to 
defme tor that attribute an instance of kinetic-parameter-var (Table 13). in which case the modeler hasto det.ne 
the specific simulation formub to provide the value for that particular instance, as previously described 

. Eq^ibrium-dissociation-constanl (1423) and Scaled-euuil-dissock (1424) are simple .float attributes of 
the subclasses of binding-b.oreactan. (Table 98) which value is optionally set by the modeler to indicate the 
absolute or a scaled value, respectively, of the Ks characteristic of that agon.st or complex-subunit; 

. Caulvlic-constant and Scaied-catalvtic.k (not shown) are s.mple float attributes of the subc asses ot enzymer 
(Table ««) which value i> opt.onallv set by the modeler to indicate the absolute or a scaled value respectively, 
of the characteristic kp of that enzyme (where kp is the equivalent o, the units ot activity per catalytic center, or 

- Mic = ha V .Us^onlntand Scaled-michaelis.k (not shown) are >,mple float attnbu.es of the subclass substrate.r 
(Table %> which value ,, opt.onallv set by the modeler to indicate the absolute or a scaled value respectively, 
o, the Km characteristic ... that substrate (where Km is the dynamic constant equivalent to the substrate 
concentranon that vields half-maximal velocity, or Km = < k-t * kp ) / ki. used when thebioEngme » treated 
under steadv-state conditions, which the preferred treatment ,n th.s tnvennon ). Th,s attribute may 
be considered to represent the Ks ( where Ks represents the intrude dissociation-constant, or Ks = 1 
- V i/kl (M) = 1 / Keq mav be used when the system modeled .s under rap.d equilibrium conditions, which i- 
usually not required because of the dynamic nature of the simulation system of thi, invention., which may be 
used in a formula in conjunction with the catalyt,c<un*tan. or scaled-catalync.k. respecnvely. of the interact,,,, 

- lUSion* onsunt and Scaled-mhibi.ion.k (not shown) are s.mple float attributes of the subcla^e, o, 
mhibitor-bioreactan, (Table 99) which value i # optionally se, bv the modeler to md.cate the absolute or 
scaled value respectively, of the Ki characteristic of that mh.b.tor or antagonist .where the factor (W 

may be considered as an independent statistical factor describing the distribution o, enzyme between the E and 
EI forms). 

- The class bioProduct (Table W\ has the subclass cell-bioProduCt. As shown in FIC.15. a bioProduc, |1?1S) ,> 
connected to an output r <onnect,on a, the bottom of a bioEngme. and represent, the matenal contribution trom 
a bioEngine to the bioPoo. to which it is connected. To be operational, the hioProduct-pos, conn* tec to a 
K,oProduc, must have the same name as one o, the bioPool-p-p^ connected at the top o, a b.oP.x^l. * e^ 
instance o, Nofroduc, M5I» has „> menu . IM9l. and ~Wct.ni -.able" (1-0) displays its table o, attribute. 
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1521). which in this case shows the default values for its attributes. Not previously described attributes 
-pec m c of this class include: 

- "Production-Rate" (1522) is given by a produc-rate-pvar (1523), which value indicates the rate of production 
of the units that will be added to the connected bioPool, which is dependent on the bioProduct's 
itoichiometnc-coeff and the Velocity of the bioEngine, and is an argument for the Input-rate of the connected 
r>ioPool. 

• Class bioRole-posi 

- in this invention, any reference to a bioRole-post means a bioPost to be located upon the subworkspace of a 
bioProcess which function is to connect a bioRole-Object to a bioPool through a bioPool-post. The class 
bioRole-post (Table 65) is a subclass of bioPost. from which it inherits all its capabilities, and has two 
subclasses: bioReactant-post (703 or 707), which together with a biopool-r-post (704 or 708) distantly 
connects a bioReactant to a bioPool; and bioProduct-post (71 1), which together with a biopool-p-posl (712) 
distantly connects a bioProduct to a bioPool. The new attribute defined for these classes is: 

- "ref-bioreservoir" is a pointer to the bioReservoir instance that contains the biopool-r-post or biopool-p-post 
to which it is distantly connected. The value is interactively set by selecting the "set-rets" menu option, and it ii 
used by the program for interactive navigation through bioReservoirs and bioProcesses, as described below. 

k) BioModels 

• In this invention, any reference to a bioModel means an iconic knowledge structure which, depending of the 
subclass, encapsulates in its subworkspace a set ol interrelated composite bioObjects. such as bioReservoirs. 
bioProcesses or other bioModels. BioModels are used to partitioned the Virtual Model into a modular 
hierarchy of subworkspaces of bioModels. and can be also described as subsystems or fragments of a larger 
network of pathways, which can he reused as modules of desired degrees of complexity to be combined in a 
variety of ways to build larger and diverse systems. BioModels are objects represented by icons, and the 
constants, parameters, and variables that model the system are distributed throughout their component building 
blocks, which function as distributed parallel processors. The dynamic aspect of a bioModel is determined by a 
system of algebraic and differential equations that provide the values for the encapsulated dependent and state 
variables. BioModels represent empirical biological models derived from experimental descriptive information 
and semi-quantitative or quantitative data. Very complex bioModels can be build by connecting component 
parrs of an unlimited number of other bioModels by means of connection-posts. The icon of some bioModels. 
such as sequential time-compartments, may contain stubs to allow connection to other bioModeis. 

• The class bioModel (Table 66) is a subclass of bio View-Object and have no additional defined specific . 
attributes, but inherit the attributes "names", "label", description", references", "warnings", and ■ . . - • 
"toggle-state". It comprises various subclasses (only some examples of which are listed in Tables 66 through 
73) which represent any physiological system at different levels of structural complexity, such as organ, tissue, 
cell-interaction, cell, or subcellular organelle, or any other intermediate compartment within those 
compartments, such as: submodel, bioReservoir-Bin, and On-Hold-Bin. A submodel schematically represents a 
portion of any si/e of the network of pathways of a larger structure, such as a cell-bioModel. The 
subworkspace (1631 ) of a submodel contains a set of related bioProcesses and also a bioReservoir-Bin ( 1831 >. 
which in rum contains a set of related bioReserv oirs connected to those bioProcesses. However, the 
bioKeactants and bioProducts of any bioProcess that is a component of a bioModel may be connected to 
bioPosts of bioReservoirs that may be located in the same or in other bioModels. As the submodel becomes 
larger, it may be broken down into smaller submodels by simply cloning a new submodel and transferring to it? 
subworkspace the desired bioProcesses and to the subworkspace of its bioReservoir-bin the corresponding 
bioReservoirs. The connectivity of the pathways is transparent to movements of bioObjects from one bioModel 
to another, since they are directly connected among them through the structures upon the subworkspaces ot 
bioReservoirs and bioProcesses 

• This architecture results in a hierarchy of bioModels encapsulated within other bioModels, which ultimately 
encapsulate bioProcesses and bioReservoirs. which in rum encapsulate bioReactants. bioEngines and 
bioProducts. or bioPool s, respectively. Although this topology may appear complex, at run-time each of the 
variables depend on the variables of only those bioObjects directly connected, and therefore the system operate? 
as a set ot processors concurrently computing in parallel. The distant connections between bioProcesses and 
bioReservoirs, established through the bioPosts anywhere in the knowledge-base, interconnect the different 
bioModels into a dynamic multidimensional network of any unlimited complexity. This architecture facilitate? 
the implementation of feedback and forward loops, interactions between components of different pathway?, 
elements that are shared by different pathways, and connections between segments of pathways that are built a? 
separate reusable modules. When one bioPool participates in teedback-loops in two or more pathways, this 
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bioPool may be able to switch' from one pathway to the other at a g.ven point, as a result of continuously 
varying functtons. such as different velocities or diffusion rates. 

The class On-Hold-Bin is characterized bv having an activatable-subworkspace, which is usually maintained 
deactivated. The instances of On-Hold-Bin are used to store within a submodel (not shown) bioReservoirs 
and /or bioProcesses that are either substitutions for the bioReservoirs and /or bioProcesses contained in such 
submodel; or additional bioReservoirs and /or bioProcesses lo extend the pathway represented by such 
submodel, which are appropriated connected, but which the user wants to exclude from a simulation or other 
uses. Bv having the subworkspace deactivated, all those structures are ignored by the inference engine and the 
simulator The user mav have those structures included or excluded from a simulation or other uses at wilL as 
described under the Modeler-Mode heading. The table of attributes (2309) of each instance of an On-Hold-Bin 
allows 10 store and access additional information. All instances of On-Hold-Bin have either one ot two 
alternative menu options: a) if the subworkspace of the On-Hold-Bin is activated, then the "deactivate-sw" ,> 
available which upon selection bv the user deactivates such subworkspace; or b) it the subworkspace ot the 
On-Hold-Bin is deactivated, then the "acrivate-sw" is available, which upon selection by the user activates 
such subworkspace. 

. <«me of those subclasses of bioModels. such as the sequential time-compartments, can be independently 
actuated and activated bv the program during a simulation run. The efficiency of large-scale simulation 
applications can also be significantly improved using that mechanism, by having whole branches ot the model 
that are not relevant at some point in time deactivated and activated when required, driven by events generated 
as a result of the simulation itself, or at given time intervals. 
. The class cell-bioModel (232ft. Tabled) is used to represent a cell as observed from the inside, that is as a 
container of subcellular compartments, that in rum may contain different layers of submodels until at the end or 
the compartment hierarchy, the bioReservoirs and bioProcesses are contained. Cell -bioModels are used tor 
modeling pmtorvpic cells of interest in a very detailed way through their functional structural components, 
which are constructed graphically through the various levels of other encapsulated bioModel that a 
cell-bioModel mav contain in its subworkspace, but which at the end contain variables and parameters that 
allow to quantitatively simulate those models, or more realistically, constrained submodels within the cell, 
which can be selected'bv selecting anv of the compartments at any desired level. The hierarchical encapsulated 
allows not onlv to display different levels of detail to focus only those parts of the system that are relevant to 
the user at anv given time, but also allow to expand the model adding additional levels of detail -.whenever 
desired Each cell-bioModel or anv of its contained BioModels can be used as modules to build other 
bioModels with increasing degree of complexity. This modular and reusable building block structure gives the 
svstem great flexibility and transparency, while allowing to build very complex cell-ennties. 
. As shown in F1C.24, each cell-bioModel (2401) has a subworkspace (2402) upon which are represented the 
charactenstic phases of the cell evele (2421). that follow a repeated cyclic pathway, or the cell differentiate into 
a different stage (2428), or may go into apoptosis (2430). a terminal stage. The cell-phases (2318 through 
are subclasses of the class cell-phase, the main defined subclass of the class time-compartment (Table i>*». 
but other types of compartmentalization are also possible by means of instances ot the class time-submodel 
P303 2423. 2325, 242ft). Inatances of the class biomodel-post (2403. 2429). ant its associated methods (Table 
70) allow to connect those cell-phases with another cells-phases upon other cell-bioModel. and to display 
them 

- GO-phase-compartment: in cell biologv the C0-phase represents reshng-cells. In this invention, this 
compartment also represents the background processes of resting<ells. but in addition it also contain* all those 
background bioProcesses that are not specific for any particular phase of the cell-cycle or which cross-over the 
boundaries of several of those phases. This compartment is frequently the sta.rtmg point ot a simulation and in 
bioPools are usually modeled bv the default "normal" steady-state values of the variables and parameters ot 



interest. , . . 

. Gl-phase-compartment represents a state of cells after they have been activated by external tactors. and mav 
be further compartmentalized into two or more rime-compartments. For example: the Cl.Komparrment 
represents activated-cells or earlv-Cl -phase-cells which have recently entered the Cl-phase ot the cell cycle. a> 
characterized bv transcription of earlv-response genes, expression or new receptors; whtle the 
C1.2.compartment or late-Gl -phase-cells, is characterized by transcription of late-response genes or 
increased secretion of specific cytokines or other signaling factors 
. S-phase-compartment: represents the state of cells in S^phase. characterized by DNA synthes.>: 
. Compartment: represent cells in the C2-pha>e. characterized bv double DNA content and before entering 
mitosis; 

- M-compartment: represents cells in the M-pha*. during the mitor.c process: 
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• Di-compartment: represents cells entering a new* differentiation stage, when a different set of activated 
*jnv -response and/ or late response genes induce permanent changes in the types of genes expressed. This 
layer is followed, depending on the combination and strength ot signals provided by simulation events, by either 
the GO-phase-compartment, or both this and the Gl-phasKornpartmenl, of the next cell type tn the 
differentiation pathway. 

• Ap-compartment: apoptofic cells, when cells in the Gi l -layer do not receive the appropriate signals to enter 
either the C2.2-layer or the Dl-layer. This is a terminal layer which only effect is to reduce the size of the total 
cell population. (Note that the total cell population size is increased at the transition after even' M-layer, by an 
amount equal to the size of the population in that M-layer. The non-specifically-modeled overall cell death is 
represented by a decay parameter, set tu fit the experimental data. 

- The default time-duration of each of these temporal layers is set according to experimentally obtained 

knowledge of such duration, under specified "normal" conditions. A layer-rate-constant, Ti, is constrained to 
values -1 > Ti > 1 and initially set to 0. When the effects of different combinations and strength of signals on the 
duration of any of the layers are measured, then the value of ti is adjusted to fit the target values of the 
experimental set -> rr= to(l+ ti ). 

• Each time-compartment (2404. 2423) encapsulates (2405, 2424) several spatial compartments that run in 
parallel to each other, and which represent the clearly defined subcellular compartments, called 
cell-Compartments (Table 67), such as the cell-membrane (2406), cytoplasm (2416), nucleus(24l7), 
endoplasmic-rericulum(2418), Golgi apparatus(2419), endosomes(2420). mitochondria, and so on. It also 
contains a timer (Table 6Vb. 2427) with an activation rime attribute given by an elapsed-simulOtime-par, which 
can be used in the control of the deactivation of the subworkspace that contains it by inference methods based 
on such value. The connections between the time compartments belong to the class cycle-path (Table 38) and 
contain a number of parameters and variables to hold the values of the rate-constant and the progression rate, 
that can be used when developing quantitative models for simulation purposes. A number of other variables 
and parameters that describe among others: a) the size related attributes of the cells , and b) quantities related 
to population dynamics, such as those shown in F1C.3 (31 7 - 320), which are attributes ot the cell-phases, are 
defined in Tables 3 through 1 1 . A collection of inference blocks (Table 23) may also be used to control the 
activation and deactivation of the time compartments, at intervals that are predefined or dynamically computed 
depending on simulated variables are also defined. Table 88 lists as an example a set of simulation formulas for 
state variables that can be used to compute the dynamic changes in cell numbers that are accumulation in each of 
the cell-phase, when using these graphic structures in combination with a population dynamics approach. 
Furthermore, Table 78 lists a set of rules that can be alternatively used to control the progression through those 
cell-phases, when using the mechanistic approach. As the reader may realized, there are a number of different 
alternatives, encapsulated within those graphic building blocks, to model the complex systems at different level>. 
as discussed in the modeling section. 

• F1C.24 shows the major states considered in the currently preferred embodiment of this invention, following the 
classical nomenclature and concepts generally accepted in the scientific community, the resting state is defined at 
the Go phase. Each of the values of the "cell-phase'" attribute of a cell-bioModel. indicates which of tho>e 
phases is currently activated, if any in addition to theGO-phase. While at Go, if the cell is activated by a 
growth factor, antigen or any other activating stimulus, the cell enters the activated state or Cl. from which it 
can follow to other phases of the cell cycle or the differentiating states, depending on the signals received. Cl i* 
bounded by the progression signal or cell birth and the initiation of ONA replication, and characterized by 
sequential expression of additional genes, protein synthesis and celt growth. S is bounded by initiation and 
completion of DNA synthesis. C2 is bounded by the completion of DNA synthesis and the initiation of mitosi>. 
and characterized bv further cell growth and /or protein secretion. M is bounded by initiation of mitosis and 
completion of cell division, usually represent about 2"i. of the total. Although the cell cycle is a continuous one. 
it can be compartmentalized into functional cycle intervals whenever it is deemed useful to better represent the 
dynamic simulation of the system. As shown in FlCs. 4. 28, and 29. there are switching points f4<V», 2S03. and 
291 1) at early Cl where the cell has to decide between the differentiation and the cyclic pathways resulting in a 
variety of different patterns that depend on both the internal stage of the cells and other components in the 
system, external to the cells. A typical pattern results in: a) cells in the resting stage, when the steady-state 
conditions are assumed, then after activation by specific external signals, switching through the cycling phase> 
one or more cycles, or back to resting, then after activation by specific external signals dunng one of those 
stages, switching to one of the next nodes in the tree, committing themselves to that branch of the tree in the 
longitudinal pathway, then once at the new node they may go back to ai for a periixJ of time, in a resting stage 
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jurin« which the new steady-state conditions are assumed, or. if activated by specific external signals they may 
;o rack to b) with the new steady-state conditions as the base-line. 
. Each of the cell-Compartments comprises a subworkspace (2-107) which in rum may contain vanous submodel: 
(2408) Other local-submodels (2304) are also provided for other type* of spatial compartmentalizanon. The 
subworkspace (2409) of a submodel mav contain other submodels (not shown), and submodels may also contain 
biol'rocesses (2410) or bioReservoirs (not shown). In the current embodiment, the bioReservoirs (2414) are 
preferentially hidden in a bioReservoirs-bin (2306. 2412. Table 66 ) that belongs to that submode, 
. As shown in FIC.25. instances of the class cell-interaction (Table 71. 2327. 2501) encapsulate .n their 
subworkspace (2502) the interaction of two cells (2503 and 2504), that use the graphic 
extraceUular<omponents (Table 72a) to interact with each other directly by means ot surface-components 
<2SK and 2506); through the components that one secretes, secreted^omponents (2507). for which the other ha ? 
specific receptors, surface<omponents (2508); and both interact with their environment through specific 
receptors (2509) for svstemicKomponents (2510). As shown in F1C.26 . each of those components have a table or 
attributes (2A16. 2620, and 2633). referring to an specific bioEntities (2624). WoReservo.r (.626) and 
bioProcess (2628) within the cell-bioModel. and are connected to the internal the mechanistic pathways. 
Clicking on those icons displays their menus (2618) from which options, the user can select the display ot the 
associated structures, as specified in the atmbutes. The different menu-options, and their associated procedures 
are listed in Tables 72c. d. and e). Tables 72b and f list functions that allows the modeler to automate the task o. 
establishing the distant connections to those graphic structures. The .nteracting-cells (2503 and 2504. Table 71) 
in this interface do not contain a mechanistic model of its component,, but rather reters to and displays another 
cell-bioModel that store those mechanistic models. In this way. this structure is used as an interlace to design 
interactions between other cell-bioModel. and new cells and other connections to bioProcesses or 
bioResetvoirs can be establish. The external components, such as serum or mcubat.on med.a. or single or 
lumped toxic-bvproducts, for which there are specified or lumped receptors are represented by a set ot 
bioResetvoirs such as RPMl-Pool. serum-Pool, are connected to a bioProcess with a receptor-engine that has at 
least one biop'roduct connected with one of the b.oReservoirs w.thm the cell. The runcnon ot the b.oEng.ne .s a. 
compute the consumption an exhaustion of nutrients at a rate proportional to u. the specific growth rate. The 
byproduct-Pool's concentration is used in turn to modify the value of u by multiplying it by a parameter 0<m<l. 
. Cells are represented in this invention in two different ways: as the class cell-bioModel composed of 
cell-Compartments, as described above, and as the class cell used to represent a cell as observed trom the outs.de 
and including anv denned, mostlv external, characteristic markers, as shown in FIC. 2b. that can be used to 
assigning that cell to one tvpe of cells and to distinguish it torn cells of other types. The instances ot class cell, 
with sets of stubs on the top and bottom of their icons, are used to classify cells according to a branching 
differentiation tree, as shown in FIC. 21, to define die many nuances between them that d.tterenna.e them rrom 
each other particularly when following the almost continuous differentiation process. As an example, a 
ThMvmphocvte ,s shown in F1C.26. An instance of cell may correspond to an instance ot cell-bioModel. but .. 
„ expected that there are manv more intermediary stages represent by the lighter cells, winch represent the 
muchknver level of detail most frequently available. BioReservoir* representing cell population, may reter m 
their Ref-b.oentitv atmbute to a named instance of cell. One of the menu options for this class » -brnmodel 
which upon selection displavs the subworkspace of the bioModel referred to by one ot its atmbute,. 
Ref.biomodel. it anv, and that option is only visible when such at.nbute has a value. The class 
differentiation-pathway (2335. 2701, Table 73) provide structures that allow the modeler to manually build 
differentiation trees, such as the one shown in F1C.25. which are based on expert-knowledge to represent the 
sequential progress trom one stage of differentiation to the next. The different stages through which a cell 
lineage goes through is a continuous process, which can be simplified with the representation used m th.. system 
consist^ of discrete stages that represent different stages of differentiation, defined by characteristic and 
measurable phenotvpe, that follow a tree like longitudinal pathways. The cells in those pathway s are ot the 
class cell (260"> ->?6*>) and thev contain further encapsulated detail, as shown in FlC.2r>. A cell contains 
information in a table of attributes (2605. and also encapsulated in it, subworkspace. where the different ,con, 
are a cell-surtace (2608). since this is a representation of the cells f nmi the outs.de. and a set o. component that 
allow that cell to refer a displav characteristic markers and receptors that allow them to interact to the ouiM-ae 
world such as the subclasses of extracellular<omponems ( Table 72a). the surtace-component> (-61A 
secretea<omponents (261 7,. and systemic-components (2612) in their environment to which they respond. 

it Inference and Simulation Structures 

. Functions are statements which define a sequence «, operations thai are performed when the 
and arguments appear as par. of an acnv«.xpre».un. The ,abul J r.,unct 1 on.>M.ne-ar ! :umen.. a cla» define- 
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within the Shell, has an important use in the domain of this invention. It allows to deal with situations when 
the algebraic relationship between two variables is not known, but the experimental data is available, and 
straight-line interpolation is optional. Tabular functions can also be used in other expressions, such as the 
rule: if the |Productl |(|Substratel |) decreases then inform the operator that "|Substrate-l | may be inhibitory at 
high concentrations". 

• Relations are defined associations between two items which can be dynamically concluded and reasoned about, 
and in the current implementation of this invention, they represent physical and abstract relationships between 
objects, such as a-downstream-bioReservoir-of, the-downstream-BR-list-of. After being defined by the 
developer, relations are established transiently at run-time by the inference engine. The dynamic reasoning used 
for querv. navigation, and simulation depend heavily in the use of relations, in addition to the graphical 
connections. Phvskal and abstract relationships between two objects may be represented through relations 
which, after being defined by the developer, may be dynamically and transiently created at run-time by the 
inference engine. The existence of relations can be concluded and reasoned about, and the existing relations for 
a particular object can be also be listed using the "describe" option. Most of the relations are created during the 
initialization set of procedures, while others are created at run-rime by the sets of procedures used dunng 
query, navigation, and simulation. The creation or breaking of relations are treated as events that are forward 
chained to rules that refer to the relations in their antecedent. Relation definitions are shown in Table 75 . 

• Domain-specific rules are used to conclude or to respond to the changing conditions in the world defined by the 
domain-specific knowledge structures. In the current embodiment, a rule has, in addition to its body that 
encodes the rule itself, a set of attributes that can be configured to establish its mode of operation and to define 
its restrictions, such as: whether it can be invoked by forward chaining and backward chaining, whether it niay 
cause data seeking or forward chaining, focal classes and focal objects, priority, and its scan interval. Different 
types of rules may lack some of those capabilities. For example: a) whenever rules have no focal objects or 
classes, and cannot be invoked by forward or backward chaining, being only went driven. One such event may 
he the a relation being established or broken. Other such event may be moving the icon by the user, which is . 
frequentl v used in this application to either trigger the automatic configuration of the value of some attribute, or 
the appearance of the icons, or the position of the icons; and c) initially rules are first and only invoked when a 
knowledge-base is started, or when a subworkspace is activated. Therefore, the situations to which those 
rules applied, and the conditions under which they can be invoked, can be very much constrained by the generic 
and specific sets of options and attributes of each particular instance. 

• Formulas in this system can be defined as expressions that define the relationships of a variable or parameter to 
other variables or parameters, in a way that when one variable or parameter changes the formula predetermines 
in which way other variables or parameters will be changed, either by the inference engine, in the case of . 
general formulas, or by the simulator, in the case of simulation formulas. Generic simulation and general 
formulas are created as statements on workspaces and provide values for a whole class or group of 

bio Variables or bioParameters, in contrast with the specific simulation and general formulas, which are 
attached to the definition of one variable and apply only to that variable. The defininons of generic simulation 
formula for sets of scaled-valued variablesdables 83 and M). mixed-type variables and absolute-valued 
variablesfTable 8h) will be discussed under the Simulation Mode heading. 

2. Modeler Mode: Creating the Virtual Models 

a) Menus. Palettes and Libraries 

• The Modeler Mode is made available only to those users who have rights to build or modify the applications, in 
which case it is the default mode when the application is started. The modeler's tasks are all based on the basic 
paradigm of "Clone, Connect. Configure and Initialize", and consist of building and configunng graphical 
models of the structure of bioEntities. as well as to design and build graphical models of complex networks of 
cross-talking pathways, which result from the modeler's actions of cloning, connecting and configuring sets of 
bioProcesses. bioReservoirs, and bioEntities. To facilitate the modeler's tasks, the Modeler-Menu pmvides a 
way to organize and access the different components of the system. 

• F1C.16 shows the domain-menus associated with this mode in this invention, which are shown here a«ain in 
an overly expanded (pulled-down) way, for demonstration purposes. Selecting the "Help St Mode Menus" 
option (1601) allows access to the available user modes, which upon selection causes a change to that mode ot 
operation and displays the specific domain-menus associated with that user mode, only for the window tmni 
which it is selected. Selecting Modeler Mode (lf>02) displays the contracted top layer of menu heads shown in 
the lower menu display, which additionally comprise the options "Palettes". "Structure Libraries", and 
"Pathwav Libraries ". which allow to access parts of the Virtual Models by selecting the desired option* from 
the menu, which usually require> navigating thmugh a hierarchy of walking menus. The following discu>Mon 
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,f this menu svstem also serves the purpose or discussing how the building-blocks are organized in Palettes and 
now .he iconic models build bv the modeler are organized and stored in Libraries. The difference between 
Palettes and Libraries is that Palettes contain domain-specific and genenc building-blocks built by the 
developer and to be used bv the modeler, while Libraries contain application-specific models built by the 
modeler and to be used bv different tvpes of users. Palettes are provided to allow the modeler to qutckly create 
new instances from prebuilt generic bioEntities. bioReservoirs or bioProcesses. or any ot their components, 
which comes with their corresponding default or no values, to be then configured by editing their tables ot 
attributes. A facility is provided, called the Modeler-Palettes-Bin. with a button to automatically create new 
empty Palettes to be populated by modelers, to allow them to expand and complement the built-in library ot 
building-blocks to satisfy their more specific needs. 
. The Palettes provide a Urge number of characteristic types of bioOb,ects. grouped by subclasses and organized 
in special subworkspaces of named go-to-sw buttons organized in the subworkspaces ot another go-to-sw 
named "Palettes-Bin". Palettes are accessible through the domain-menus, and because of their defined 
user-restrictions selection of anv bioObject upon a Palette in Modeler Mode implies clone, which automat.cally 
results in a clone of such bioObject (including its subworkspace and all structures upon it. and all the further 
levels ot encapsulation contained in their subworkspaces) to be attached to the mouse-pointer and ready tor the 
modeler to transfer it to the desired subworkspace. Selecting "Palettes" (1603) pulls down its options, which 
mav point directlv to (he palettes of important classes of bioObjects and also model-blocks, such as: 1604 points 
points to 2001. 1*06 points to 2101, 1608 points to 1901, and 1616 points to 2301. In the case.it classes with 
large number of building-blocks, those mav be grouped further in a number of palettes that can be accessed 
through walking menus, such as when selecting "Molecules" (1610* displays an additional pull-down menu 
headed bv "Molecules" (1612), which options mav now point direcily to Palettes. Examples are shown in 
F1C 17 such a* when selecting "Protein Components" (161-1), the options of the walking menu generated lead, 
among others, to "Protein Domains" (1701), "Protem Motifs" (1706), and "Simple bioEntities" (1711) 

• Libraries comprise among others two types: 

• Structure Libraries, are hierarchically organized workspaces (1623) containing models ot specific 
complex-bioEnrities (1624) that model the functional structure of molecules or molecular-complexes at various 
levels of completing and which can be accessed by selecting the options of the menu head "Structure Libraries 
(1618) For example, selecting "Cytokine Library" (1620) displays the menu headed by "Cytokine Library" 
(1621) which options refer to libraries of different families of cytokines, and further selecting one such as 
"IL4 like Library" (1622) displays the library (1623) of the IL4 family, which contain several cytokines with 
similar structures, which prototype is IL4 (1624). which subworkspace contains several domains, motifs and 
groups Those icons mav be used to: a) be cloned and modify to build different but related structures; b) be 
placed in the subworkspace of protein^omplexes. as shown in FIC.18: or e) they may be preferentially named 
and copied, as described below, and the dummy copies that refer to the original are used tor several ot the more 

complex structures. . 
. Pathway Libraries, are hierarchically organized workspaces (1630) containing sets ot relaied b.ol rocesses. 
such a> tho* contained in the subworkspace ot a submodel, and a bioReservo.r-Bin with the b.oReservoirs 
connected to those bioProcesses. where those bioProcesses and bioReservoirs are connected forming the nodes 
of a pathwav that mav be or not multidimensional* branched The pathways included in the libraries J re those 
that are common to several svstem. although they may require some modifications, and they can becloned instead 
of being built from scratch. Alternatively, the "Pathway Libranes " .1628) menu may be used to hierarchically 
access anv submodel of the Virtual Model, as an alternanve to interactively navigate through all the layers o. 
subworkspaces involved. The opnons of the menu head "Pathway Libraries" (1628) , pomi directly to 
submodels which subworkspaces are displayed. For example, selecting the option "EGF.R.l athway 16-9) 
displays the components of the initial specific steps of such pathway (162y) containing b.oProce»es <16_>1 ) and 
a bioReservoir-Bin (1632). To conveniently handle large and complex pathways, the components can be 
partitioned into more submodels, bv simply transferring related sets of bioProcesses and their correspond 
bioReservoirs to the subworkspace of a another submodel, without affectmg the connectivity ot the pathways 
,n anv wav When the application grows larger and the number ot submodel increase . those direct 
domain-menus options are replaced by other options that lead instead to walking menus ottering as many 
hierarchical levels as necessarv. Modelers can also clone submodels, in w hich all the bioProcesses orpan./ed 
in its workspace together with the contained bioReservoir-Bin and all the bioReservo.r organ.zed in it. 
workspace are also cloned preserving the labels and any other attributes, but with no names, s.nce names are 
unique Thi< means that all new bioReservoirs and bioProcesses have to be named Iw.th the same ba,.c nam, 
and different tags), and the connections have to be reestablished by naming the bioPosts and setting the ret- 
.ittnhute>. as discussed elsewhere for new sets. — 
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b) Creating New Composite Objects 

• There are several alternatives tor building new generic types of composite bioObject. One method compnses tnt 
following steps: a) an instance of the desired class, such as bioProcess. is created by selecting from the menu or 
the object-definition of that class the "create-instance" option and transferred to a workspace; b) the 
subworkspace of such instance is created by selecting from its menu the "create-subworkspace" option; c) the 
desired set of instances of characteristic classes of visualObjects are created or cloned and transferred to such 
subworkspace; and d) the newly created instances are positioned and connected in specific ways, to conform to 
the designs specified in this invention. A preferred alternative way is to "clone" an existing composite 
bioObject that is similar to the desired one. and delete and/or add components, as desired. The additional 
generic building-blocks are added to palettes accessible through the domain-menus, and are used to create new 
instances of the same type by cloning such generic structures. Cloning an object in this invention means cloning 
also its subworkspace, and all objects upon its subworkspace, and any objects upon the subworkspace of each 
of those objects, and soon. The modeler can then further individualized each newly cloned instance by 
configuring the attribute tables of the superior object, or by configuring the attribute tables of the objects 
encapsulated within that superior object, either as attribute objects or as objects upon successive 
subworkspaces. 

• Furthermore, it is possible to create transient objects at run time in two ways: a) by using the "create a 
<class-name>" and "transfer" actions; or b) by using the "create a <class-name> by cloning <instance-name>" 
and "transfer" actions, which is the equivalent to the clone option described above, and is the preferred way 
for composite objects. Transient objects can be made permanent by using in addition the "make <instance> 
permanent" action after the instance has been transferred to a workspace. This invention makes extensive use 
of dvnamically creating objects at runtime by cloning, such as when creating dynamic pathways, dynamic 
query-panels, dvnamic query -output-panels, dynamic entry-panels, dynamic graphs, dynamic lists, and so on. A 
set of partially prebuilt complex sets of structures, such as those required for the different types of panels, are 
organized and stored in the subworkspaces of objects called bins, and used as master structures to be cloned 
and completed with additional context-dependent structures at runtime, as wilJ be described under theCeneral 
Mode and Simulation Mode headings below. 

c) Modeling bioEntities 

• The modular functional representations of structure that are novel teaching of this invention allow to represent 
the modular structural patterns so frequently used by nature. More specifically, the iconic structural 
representation is used to abstract the detailed structure of different molecules to highlight their similarities, and 
to show that even prototypes for different families present several similarities. Abstraction is obtained in part 
by selectively hiding some detail in the subworkspaces of other components. That representation focuses on 
components and the way they are arranged that relate to their function, to offer users visual models that 
facilitate their reasoning about structure-function relationships. The components of a molecule are used by the 
user to reason about its function, since the presence of given domains, motifs, or simple-bioEntiries usually is 
associated with described function, therefore directing the sciennsts attention to further focus on those 
functions. Furthermore, each of those iconic instances of bioEntmes have their associated tables of attributes, 
where the modeler can include additional information, data, and references to access other sources of 
information about those models, which can provide to the user a wealth of knowledge in the form of an intuitive 
and interactive visual database. The knowledge extracted from those models can be integrated in this invention 
with other forms of knowledge, related to the function of those bioEntities, provided by the pathways related 
models. For example, the members of each family may be involved in similar mechanisms but result in very 
different and even opposing effects, due to the participation of their bioPools in different pathways. That 
knowledge integration is performed sometimes interactively by the user, and sometimes programmatically as a 
result of an interactive request by the user, depending on which of the many capabilities of this invention is 
used. Each superior bioEntity represents the structure of a biochemical physical entity in a particular state, 
such as different chemical modifications, different states of association with other entities, or the products 01 
different mutations or artificial manipulation or quimeric constructions, which corresponds to the concept that 
different bioReservoirs hold molecules or complexes in different states. The structural and other types of 
information about the units that form a bioPool. as provided in the corresponding bioEntities, is supplemental 
and is not necessary for creation or navigation thought the pathways, or for simulation. This information is 
used independently of the pathways, or they may be used in combination, as in the complex quene». 

• F1C.17 shows the Palettes with representative examples of master instances of some of the different subcbs-.es 
of protein-domain (1701). protein-motif (1706), and simple-bioEntity (1711), accessed through the walking menu 
of "Protein Components" (1«1M. Some of those building-Mocks are very genenc or "empty" structures, sucn a» 
the examples shown of the subworkspaces (1703 and 1708) of catalytic-subuntt (1702) and spacer (1707). 
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respectively, while others nuv contain more or less detailed prototype structures, in which case they are named 
master-structures, which ma v be referred to bv the master-bioentity attribute ot its cop.es, such as the example 
shown of the structure (1705) of a fibronectin.tvpe.m-domain (1704V In addition, hke any other bioEntity. each 
instance of these components have an associated menu (1805) from which options spec.fic tor each class can be 
selected to perform generic or specific tasks. Selecting the "table" option (1823) shows their tables ol attributes, 
such as the examples shown for the tables (1710 and 17131 of a leucin-zipper-motif (1709) and a 
loss of funcnon.protein.mutation (1712). respectively, providing options for the modeler to include additional 
informanon. which in this case is specific for each instance or copies. Clones of those instances can be combined 
in different ways to model, using the basic paradigm of "Clone, Connect. Configure and In.t.at.ze", at the desired 
level of detail, the structure of a bioEntity. 

In addition, to the standard Shells -clone" capability which applies to every object, there is a novel 
domainndependent capability associated with the class complex-btoEntity and all its subclasses. Selecting the 
"create-local" option (1824). which is restricted to Modeler Mode and when the bioEntity has a name and 
starts the et-create-local-proc (Table 89). allows the modeler to create local copies from any instance. The term 
clone means in this invention a complete reproduction of the original, with exception of the name, while the term 
copv means an incomplete reproduction that is usually stripped from the contents of the subivorkspace of the 
original but contains a pointer to the original and is used in conjunction with it. The master-b.oent.ty attribute 
of the copies is automatically set to refer to the named master-structure. The dummy copies reter to the original 
when the "master-details" is requested, which subworkspace with the prototype structure is displayed. That 
i< local copies of anv complex bioEnritv (including bioEnhry-componems). may have private specitic 
information in its table of attributes and in its subworkspace, shown by selecting the "local-details" option, 
while it is can also displav the subworkspace of its master bioEntity S.mple-bioEntities do not have a 
subworkspace and do not have master-bioentity attribute, and the concept of copy does not apply to them. This 
implementation is preferred because of the advantages of avoiding redundancy, including caving storage 
resources, and allowing modification at only one site when the details of the structure have to be modified. 
. As shown in F1C 18 the subworkspace (1807) shown for a specific multi-unit receptor-complex (1804) contains 
the icons of its various components, which may be copies, such as those referring to structures in the L.branes 
(1808, 1815, and 1817). or mav be originals, such as for the simple components or some specitic complex 
components (613, 619 and 621 are originals within the original master structures) Upon clicking on each ot 
the** components, their subworkspaces or the subworkspaces of their master structures are displayed on the 
screen showing their structural composition. The level of detail is opt.onal. and components at different levels 
in the hierarchy of subclasses can be connected to each other. For example, clicking upon a subumt ot the 
receptor (1808 a copv) shows its structure (1809, from the master) composed of domains, other 
simple-bioEntitieS. and other optional auxiliary structures, such as those that may contain: notes about its 
funcnon (1810), sequence (1811). references (1812), ora CIF image of its three-dimensional structure (not 
<hown) Anv of those components mav contain more detailed informa Hon, such as that displayed when clicking 
,n one of those domains (1813), which structure (1814) is composed of other domains, spacers and other 
simple-bioEntities. Back to the mam structure, clicking on a kinase (181?. copy) that form pan of the complex, 
its structure (1816. from the master) mav be represented by its two subunits. a regulatory-subumt and a 
catalvtic-subunU. each containing or pointing to additional detail (not shown). Or the structure can be directly 
represented directlv bv it lower level components, such as when click.ng on other associated kinase (1817). 
which structure (1818)' is composed directlv bv several domains and other simple-bioEnt.t.es. Any ot those 
molecular components mav contain in their subworkspace any type of other relevant information, when more 
detailed structure is not available or not desired. For example, clicking on one ot the domains (1819) shows 
(1820) differences in the sequence of a funcnonallv important homology region of that domain forditlerent 
members of that fam.lv ot molecules (which allows to represent all members of the family by just one structure, 
bv describing additionally the differences between the different members), while click.ng on another domain 
(IS-M) shows more informat.on (1822) about conserved subdoma.ns within that family. In general, 
<.mple-bioEnt.ties mav be linked to a motif, a domain or even to a subumt or a molecule. The structure may tocu, 
on onlv those parts of the structure that have functional relevance. If .ntermed.ary stretches w.thin me 
structure are unknown or that detail ti not desired, they may be represented by domains calleo spacers 

ol Modeling Pathways 

• The bioReservoirs Palette contains prebuilt default instances of 

- bioReservoir-Bin. used to store a set of related bioReservoirs upon its subworkspace and prebu.lt w.th the 
standard set of navigation buttons used on most subworkspaces. a eo-to-sup-obi-button and a 
U,de->up-ws-button. and a b.oObiect-t.tle. which .» standard for the subworkspaces ot all b.oModeW as well a^ 
of all complex-bioEnt.t.e> 
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• On-Hold-Bin. used to store upon its subworkspace bioReservoirs and /or bioProcesses connected into 

rjrh ways that the modeler may want to offer as alternatives, and which the user may include or exclude from a 
simulation or other uses at will, by using any of three alternatives: a) desired individual structures can be 
moved out of the On-Hold-Bin and transferred to the subworkspace of such submodel, or its bioReservoir-Bin if 
bioReservoirs; b) if all structures are desired for inclusion, the subworkspace of the On-Hold-Bin can be 
activated and deactivated at will; or c> two On-Hold-Bins can be used to transfer those structures between them 
at will, one to be permanently deactivated and the other be activated and to hold only those structures desired 
for inclusion. It" any of those structures are substitutions for other bioReservoirs and/or bioProcesses 
contained in such submodel, then those structures they are replacing should be removed to a deactivated 
On-Hold-Bin. This subworkspace is prebuilt with an additional hide-and-deact-sup-ws-button, which upon 
clicking on it when the subworkspace is activated, hides and deactivates such subworkspace 

• a set of different prototypes of bioReservoirs, representing all the subclasses, which differ in the instance of 
the bioPool they contain upon their subworkspace. which is in rum of one of the corresponding subclasses of 
bioPool, and in the color of the type-color region of their icon. Each of those prototypic bioReservoirs comes 
with a minimal set of basic structures, and model-boxes and additional bioPosts are added interactively when 
needed. By cloning a bioReservoir of the appropriate class from its Palette, transferring it to the subworkspace 
of a bioReservoir-Bin and clicking on its icon to select various tasks, it can then be connected to any of the 
bioRole-Objects of the bioProcess by simply giving the same name to a matching pair of bioPosts, one from each 
structure, always keeping in mind the required restrictions. 

• Another alternative for adding bioReservoirs to the Virtual Model is to clone existing bioReservoirs with 
similar characteristics, by selecting the "clean-clone" option from their menu, and configure the new name and 
desired attributes. The "clean-clone" option starts the BR-clean-clone-proc, which creates a clone of such 
bioReservoir and sets the values of all the attributes of all structures involved, including the bioReservoir and 
its subworkspace and all structures upon it, to their default values. This capability is useful to create clean 
biuKeservoirs of desired types that are available on the working submodel, without the need to open the Palette 

The modeler can add, modify or remove connections to bioProcesses, by creating and naming the corresponding 
bioPosts. That established distant connectivity is independent of the location of bioProcesses and 
bioReservoirs throughout the Virtual Model or the workspace hierarchy, and no additional changes are s 
required when moving those structures from one location to another. Various menus options and associated 
method > are offered to automate the task of establishing those connections, which will be described after the 
discussion of the creation of bioProcesses 

• The modeler on also model inputs or outputs to a bioPool as mathematical models using model-blocks held in 
model-boxes, as previously discussed (FICs 8 and 12). A set of menu options, restricted to appear only when 
in Modeler Mode, are defined for the cbss bioPool to automate the task of adding a scaled-input-model-box. 
input-model, or output-model-box, respectively, when desired. The options labeled "add-scaled-input", 
"add-input", and "add-output", start their associated methods, create-scaled-input-model-box-proc (Table Mil), 
create-input-model-box-proc, and create-ourput-model-box-proc. respectively, which result in the cloning ot the 
corresponding prebuilt master model-boxes, and then transferring the new instance to its specified position in 
relation to the bioPool. The modeler has only to extend its stub to join it with the color-matched stub of the 
bioPool. which is the closest to it. Each of those named master structures is simply a generic model-box. each of 
the subclass referred to by its name, with a color-coded subworkspace containing, in addition to instructions 
for the modeler on how to proceed, a connection-post which attribute"superior-<onnection" has been set to 
refer to the only connection stub of the superior model-box. With this construction, any model-block connected 
to such connection-post upon the subworkspace of a model-box is connected also with any object to which the 
model-box is connected through such superior connection. This implementation results in the generic ability tor 
the modeler to establish a connection between an encapsulated model-block and a bioPool. by cloning the 
desired model-block from the Palette of generic model-blocks and connecting to the unique connect ion -post upon 
the subworkspace of a model-box connected to that bioPool. As described above, the generic form ulas that 
provide the value for the Accumulation of each bioPool already integrates the output of any such connected 
model-block as either an absolute input, a scaled input or an output, depending on the cbss (each connected at 
its predefined specific port) of the model-box that contains the model-block. 

• As shown in FIC.19, the Model-blocks Palette (1901) is provided to the modeler, each being a default instance 
of each of the subclasses of model-block. Model-blocks (Table 22) and the different generic simulation formulas 
(Table $7) to compute their value of their output-1 attribute have been previously defined. Some examples- ot the 
attributes for some subclasses with their default values are shown through the tables or attributes of: constant. f 
(1902), exp-c.pdf (1903), exp.m.pdf (190-1), unif.c.pdf (190?), sigmoid .f (190ft). and generic.model.block.f M907). 
The latter is a very generic block that allows the modeler to create instances and configure as many attributes j> 
required by defining their slots with any desired type of value, including instances of model-block-var. tn which 
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ase «ne,r specific formula would also have to be defined. The ouiput-1 of this block is also a variable for 
.vruch the modeler has to write its formula, to mcorporate as arguments the newly conngured attribute* 
As shown in FICJ20, the bioProcesses Palette provides the most representative types of genenc "ioProcesses. 
prebuilt and readv to be cloned and further configured. These preambled and Stored structures allow the 
repeated use of bioProcesses as building blocks of more complex pathways. Like in chemical systems, some 
bioProcesses are relative* simple and some may become more complex, but all are built w.th the b*»c buridmg 
blocks (2504 through 251*1). The modeler can. for example, clone a R2.L1. which subworkspace f 2008) 
comprises one receptor-bioengine connected with two receptor.r (which may each be connected to difterent 
bioPools. if the acriv« receptor is an homod.mer of two equal molecules, or to the same bioPbol. .t an homodimer 
of two equal molecules), and one ligand.r at the top. and one bioProduct at the bottom. After transtemng the 
clone tothe desired workspace, the bioProcess can now be configured, by clicking on its icon and selecting ,ts 
table of attributes. Selecrmg "details" from its menu displays its subworkspace and provides acce* ; to all tts 
components, which can now be configured by accessing the tables attributes of the bioEngtne. each bioReactant 
and each bioProduct. and each bioReactant-post and bioproduct-post. BioProcesses have 
acvatable-subworkspaces, which means that any object upon such subworkspace* are not recognized by the 
inference engine or the simulator unless the subworkspace is activated. When new bioProcesses are cloned, 
the.r subworkspace are deactivated by default, and have to be activated selecting the "activate-** menu 
option available only when the subworkspace is deactivated. 
. An alternative to the Palette is to clone another existing bioProcess with similar characteristics and labels 
direc.lv from a submodel, and then transferring them to the desired submodel and the configuring its components. 
Two menu options are provided to facilitate that task labeled "labeled-clone" and "clean-clone wh.ch start 
either BP-labeled<lone-proc or BP-clean<lone-proc. respectively The first procedure creates a clone ot the 
bioProcess and then sets the values of all the attributes except the label of all structures involved including 
those of the bioProcess and of all the structures upon its subworkspace. to their default value*. The second 
procedure calls the first one. and also sets the values of the labels attnbute of all structures involved to the.r 
default values. 

. The bioEngines Palette and the bioReactants Palette shown in FIG21 are provided for the purpose of 
allowmg the modeler to: a) modifv individual instances of bioProceSses cloned from the Palette, to accommodate 
particular infrequent needs; and b) to design new prototypic bioProcesses. by starting trom a clone of an 
existing bioProcess and adding or removing bioReactants or bioProducts. or by exchanging the b.oEngine tor 
another of compatible tvpe. The modeler may wan. to modify me Velocity attribute of any NoEngme, and to 
provide specific formulas to represent their favorite equations to best describe the process betng modeled, 
which have to refer to the specific set of bioReactants connected to that bioEngine. Such newly designed 
bioProcesses may be stored as build.ng-blocks in the appropriate Palette within the Modeler Talette D.n. as 
described. 

. In addition, the modeler mav use a tabular-funct.on (Table 74) a, a look- up-table, from which the program is 
able to interpolate, to model a process by en.enng experimental pa.r> o. values of the independent and the 
dependent variables » such table, such as a dose response To uc.htate that task, the menu opnon creat*->w 
,s defined for the class bioEngme that starts the create-sw.for-b.oeng.ne-proc. which creates a subworkspace 
tor the bioEnninebv cloning the subworkspace of the bioeng.ne-,w. n iaster. which contains a 
tabular-Junction^M -argument and instructions for the modeler about how to u,e such a tabular-tunct.on 

. As shown in F1C.22, several steps are required to establish th« connection between a bioReactant or a 
bioProduct and a bioPool. To facilitate this process, and more importantly, to reduce the sources ot error wh.le 
entering those values bv the modeler, various methods areoffered to au.oma.e the tasks ot: creating anc I naming, 
or removing the names, of b.oPool-posts. removing the names and the references oi of bio Role-posts, and to *t 
the appropriate values for the ref-bioproces* of bioPool-posts and ref-bioreservo.r ot b.oRole-pos.s. a> 

- ThStep is to select the bioProcess (2201 ) and bioReservoirs (2205, 2207, and 2209) to be connected^, 
already in existence, otherwise they are created by cloning trom the Palettes and namtfl B.oPnKesses and 
bioReservo.rs have to be named before their bioPosts can be named. By selecting the "details 
from the menu (2202) of the bioProcess. and such of the bioReservo.rs (not shown), the.r subwork>pace> <_m. 
2206 2">0S and 2210, respectively) of each of them are displayed.. 
- the menu option "add-top-post" (Table 92) defined for the class bioPool starts ^^^f;^^ a , 
(Table V2X which firs, scans for the first free Stub of those defined a. an even-numbered port p02 to pl-> and a. 
if one i< found, it creates an instance of biopool-p-post. and aligns ,« opposite to such stub withm the t.rs. lav er 
ot such biopool-p-post. b) if none is found. ,. then scans tor .he nr.. tree stub ot those det.ned a. an 
uneven-numbered port (pUl to pi 1) and. it one ,s found. .. create, an ms.ance of b.opool-p-pos. and aligns .t 

5H 



WO 96/22575 



PCT/US96/00883 



opposite to such stab within a second layer (more distant from the bioPool) of such bioPool-posts, and it none is 
round, then: i) it moves the existing biopool-p-post connected at the first port (pOI) to a more distant position, to 
start the next layer, ii) it creates an instance of biopool-p-post and transfers it to the next free predefined 
position within that layer; and c) it sends a message to the modeler with instructions for making the specific 
connection. Then it calls the pool-post-name-it-proc (Table 93) and returns. The "add-bottom-post" functions 
in a similar way, but it adds instead biopool-r-posts at the bottom of the bioPool. 

- The next step is to connect each of the bioRole-posts (2212, 2218, and 2225) to a complementary and not yet 
connected bioPool-post of the appropriate bioReservoir. Here the first pair (2211 and 2212) has been already- 
connected, which is not apparent to the user. In most cases, this process will first require to create a new 
bioPool-post of the appropriate subclass, by selecting from the menu (221 4) of the bioPool (2213) either the 
"add-top-post" option (2215) or like here, the "add-bottom-post" option (2216), which results in the automatic 
creation of an appropriately named bioPool-post, and its transfer to the appropriate position (2217), which is 
close to the next available free stub with the same cross-section pattern on the bioPool. The modeler has now to 
establish the connection to the bioPool by extending its stub and joining it to the closest free stub on the bioPool. 
and then establish the distent connection to the bioReactant-post (2218). Here is shown how such distant 
connection is established between and already named and connected bioPool-p-post (2219) and the 
bioProduct-post (2225). Clicking on the bioPoot-p-post (2219) in Modeler Mode displays its menu (2220), and 
selecting the "table" option (2221 ) shows its table of attributes (2222). Note that the tables shown here for a 
bioRole-post (2222) and a bioPool-post (2228) are shown with all the values already set, as they would appear 
tor fullv functional bioPosts. However, at this point in the connection process, the values shown for the 
"ref-bioprocess" (2235) would be the default value none, while the values of the "names" (2223) and the 
"label" attributes (2224). will be already set. The value of the "label" attribute, is set to be the same as its name 
in the case of all bk>Post< . and is used at run-time when using the alternative simulations procedures, as 
discussed under the Simulation Mode heading. 

- The next step is to give the bioRole-post (2225) the same name as the name of the bioPool-post (2219) to which is 
to be connected. Here, this is accomplished by selecting either the "name" menu option (2227) or the "names" 
attribute value slot (2232) of the bioRole-post (2225) and clicking on the name-display (2228) of the 
bioPool-post (2219). Note also that any time the name of any object is edited, its name-display (2228) appears in 
the proximitv of that object, and that name-display has text-insertion capabilities, in a way that whenever the 
text-editor is opened (which happens among other occasions when clicking on the "name" option of any object 
or on the value slots of the tables of attributes), clicking on such display automatically inserts its text into the 
slot or at the position of the cursor. In the current implementation of this invention, most name-displays are 
hidden by the' developer or modeler after they are used, since the labels are used instead to provide a more 
flexible and user friendly method of recognition for those objects when one is desired. In the case under 
discussion, all the names of bioRole-posts are hidden, while only the name-display of the last bioPool-post i> 
left as a means of also providing a reference to the name of the superior bioReservoir. 

- The previous step completes the basic connection process that allows the inference engine and the simulator to 
reason about those connections. The additional step that follows adds information to those connected bioPosts 
that is used bv the program to quickly access the components on the subworkspaces of those connected 
bioResemnrs or bioProcess, even when the subworkspaces of those connected bioReservoirs or bioProcess are 
deactivated, which mav be the case when in Simulation Mode, and which would cause the system to not 
recogni/e those connections, since the system would not recognize the connected bioPosts upon such 
subworkspaces. A method is provided to facilitate and reduce the sources of error in setting such additional 
information. Once the bioRole-post (2225) and the bioPool-post (2219) are equally named, the 
"ret-bioreservoir" attribute (223-1) of the bioRole-post and the "ref-bioprocess" attribute (2235) of the 
bioPool-post are automatically set to refer to each other's superior bioObjects, as their names indicate, by just 
selecnng the "set rets" menu option (2229) of the bioRole-post, which is only available when it has a name. The 
"ret-bioreservoir" and "ref-bioprocess" attributes are in rum used by the program when the user selects the 
"show-br" option (2241) or the "show-bp" option (2242), which are available in the menus (2220 and 2229) of 
bioRole-posts and bioPool-posts. respectively, only when those attributes have a value different than none 

- Alternatively, connections can be changed and previously connected bioPosts can be recycled by using 
consecutivelv the following set of menu options: "un name-it" (2219) of the bioPool-post which only appears ii it 
has a name, "unname-it" (2229) of the bioRole-post which only appears if it has a name, and "name-it" C223) of 
the bioPool-post which only appears if it has no name, which tasks are obvious and described below, followed 
by clicking the name ot the bioPool-post into the name slot of the bioRole-post and selecting the ">et-ref>" (222*) 
of the bioRole-post. as described above tor new connections. 
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• * more detailed description of those methods, with references to their definitions follow: 

- the menu option "name-it" (Table 93) associated with the class bioPool-post is only available when tm 
bioPool-post has no name, and upon its selection by the modeler the pool-post-name-it-proc is started. This 
procedure gives the "names" attribute of the bioPool-post a name composed of the base name of the superior 
bioReservoir (removing the ending BR tag) followed by the default value of the "label", which is a reference to 
the class and relative position of that bioPool-post. such as TP-J referring to bioPool-p-rjost connected at port 
p04. and also colors the face-color region of its icon. 

- the menu option ~ unname-it" (Table 94) associated with the class bioPool-post defines an option which is only 
available in the menu when the bioPool-post has a name. Upon its selection by the modeler it starts the 
poolpost-remove-name-proc, which changes the values of the names and the ref-bioprocess attributes of the 
bioPool-post to their default value none, removes the base-name from the value of the "label" restoring it to its 
default value, and resets the face-color of its icon to gray. 

- the menu option "sel-refs" (Table %) is associated with the class bioRole-post. It defines an option which is 
only available in the menu when the bioRole-post has a name, and upon its selection by the modeler it starts the 
rolepost-set-refs-proc. which changes the values of the -ref-bioreservoir" of the bioRole-post and the 
"ref-bioprocess" of its connected bioPool-post to equal the names of the bioReservoir superior to such 
bioPool-post and the bioProcess siipenor to the bioRole-post. respectively. 

- the menu option "unname-it" (Table 95) associated with the class bioRole-post defines an option which is only 
available in the menu when the bioRole-post has a name. Upon its selection by the modeler it starts the 
rolepost-remove-name-proc. which changes the values of the "names", "label", and "ref-bioreservoir" 
attributes of the bioRole-post. and the "ref-bioprocess" attribute of the bioPool-post. to none 

• The metabolic and regulatory pathways of cells and organisms are composed of a large number of processes. To 
simplifv the overall structure of the system, or when the intermediary detail is unknown, it is possible in the 
currently preferred embodiment of this invention to consider parts of such pathways as black-box-bioProcesses 
with inputs and outputs connected to other modeled pathways or to other black-box-bioProcesses. which are 
not modeled in detail. If and when it is desired to model disturbances at specific points in the pathway 
represented by a black-box-bioProcess, it can be split into the pathway before and the pathway after the 
regulated location, which is represented by a normal bioProcess, with the two new pathway segments now 
represented by two new black-box-bioProcesses. and the segment where the disturbance occurs "to be defined 
and modeled. 

• In addition, it may be desirable to model a pathway as a single lumped bioProcess. Such may be the case for an 
enzymatic pathway for which, a) the details may be unknown or not desired, b) only the inputs and the outputs 
are relevant, and c) sufficient quantitative or qualitative information is available about the rate limiting 
enzymes and the inputs. Because of metabolic and energy/mass conservation constraints, only a few ot their net 
conversion rates are independent variables, and the others are mutually dependent, various of those reactions 
can be combined and the pseudo-steady-state approximation of the combined process can be used instead. For 
these cases, the currently preferred embodiment of this invention provides enzyme-bioProcess subclass*^ with 
two or more enzvme-bioReactants, with their Velocity depending only the Concentrations of those enzymes 
together with the substrates that are inputs to the pathway and the products are outputs of the pathway, 
ignoring the intermediaries and other participating enzymes The following are examples of overall ratesot 
synthesis resulting in the production of a cytokine. IL2, as a cellular response to its binding of another 

extracellularlv provided cytokine, IFN-a. that could be represented by a set of bioReservoirs and 
bioProcesses. to represent each of the terms of the equation. 

■ rs(TF-ir\-d) = ki *|IFN-a|and 

- rs(rnRNA-ILZ) = lc * |TF-lFN-u|; or rs<...R.\A-il_:) = W ka |lFN-u| / 1 - k- HFN-a|+ k»; 

• rsuu>= k-*|mRNAIL:|; 

e) Biochemical Modeling Techniques 

• To be connected to each other and integrated into pathways. bioReservoirs and bioProcesses must have unioue 
names. 

• For bioReservoirs that represent the input into the system of a synthenc agonist or antagonist: a) the 
Concentration has: a) a normal default initial value of 0.0. b) has no modeled inputs from bioProce-**. and ct n 
mav be modeled bv a model-block However, quannties of thai compound may be transferred to another 
bioReservoir in a different compartment, and that latter bioReservoir is a regular one. 
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• It may not be desired in most occasions that the synthesis of macromolecules, such as DNA, RNA. and proteins 
be visually modeled l>y bioProcesses. because of its complexity and the large number of steps or components 
involved. In these situations, the synthesis component may also be modeled by adding a model-block to one 
input-box connected to the bioPool. which is represented by the additional term already integrated in the 
Accumulation equation. The output of this model-block may define a global synthesis-rate (rs(t)) that may be 
made dependent on the values of any other variable of the system multiplied by a synthesis-rate-constant (k^ 
parameter, a separate attribute of the model-block. The k re may also be dynamically increased or decreased (by 
multiplying by appropriate factors) as defined in rules or procedures, which are fired or called as a result of the 
activation or deactivation of other bioProcesses. which directly or indirectly regulate the processes of 
DNA-transcription into mRNA, mRN A -splicing, mRNA-translarion into protein precursors, or the processing of 
the precursors into the active-form of the proteins (all or part of which may or may not be visually modeled i. 

• When degradation or diffusion are important components of the model, they can be separately modeled by: a) 
using additional bioProcesses to model those processes; or b) adding a model-block to the output-box connected 
to the bioPool; or c) using additionally defined degradation-rate or diffusion-rate parameters, respectively, and 
modifying the formula accordingly by adding the corresponding terms. The first two approaches are 

recum mended because they are more flexible and modular. 

• Processes in which the binding step is the limiting factor (the catalytic or other actions are fast so that the ES 
complex is very short-lived), are usually modeled by a single bioProcess. If the complex stays around exposed to 
other interactions, two bioProcesses may be used: a) complex-formation and b) catalytic or other action, each 
with its respective constants. Inhibitors and antagonists should as frequently as possible be modeled by 
separate bioPmcesses. 

• In the system of this invention, the intermediary complexes that are formed in enzymatic reactions, and their 
concentrations such as |ESi| or |ESiS:|, are preferably not explicitly represented, unless they are the specific 
targets of regulation or translocation to different compartments- Otherwise they are implicitly represented 
within the model equation of the btoEngine. 

• Reaction systems with two or more substrates of the ordered or ping-pong types- ma y ^ represented by either 
one bioProcess with two substrate.r, in conjunction with the appropriate Velocity equation, or by two .. 
separated bioProcess in series. Preferable, these types of reactions are modeled by two bioProcesses in which 
the participants are represented as following: a) the en/yme and the first substrate are theenzyme.rand 
substratel .R of the first bioProcess, b) the bioPool of the enzyme-substratel complex is represented by both a 
bioProduct of the first bioProcess and by the enzyme.r for the second bioProcess, cl the second substrate is the 
substrate.rof the second bioProcess, and d) one bioProduct of the second bioProcess may be represent the 
bioPool of the enzyme. To be more accurate, in the ping-pong case the bioProcess cannot be said to be first or 
second, since the enzyme oscillates benveen the "free" and the "complexed" states. 

• In reacnons with cooperativiry. such as allostenc reactions of an enzyme with n equivalent substrate bindinir 
sites, can be either modeled by. a) one bioProcess with a lE.nS.l I.HMME bioEngine with each of the n 
substrate.r representing the same bioPool. each with a stoichiometric coefficient equal to 1. but each with a 
different effective Km corresponding to each additionally bound molecule, and a Velocity formula represennni; j 
Henry-Michaelis-Menten equation, as shown in — , or b) one bioProcess with a 1E.15.1P.0I.HE bioEnpne 
with one substrate.r with stoichiometric coefficient equal to n. and the Velocity formula representing a Hill 

equation, as shown in — . In that case, the overall affinity constant { K = <p*K' A (n), where ® = a*p*6\..^ ) i? 
equivalent to the product of the Ki' of the first bound site times the series of K,' times the coefficients by which 
each molecule of ligand bound modifies the affinity of the other sites. 

• Allosteric reactions of an enzyme with binding sites for two or more different ligands. either substrates, 
inhibitors or modifiers, can be either modeled by: al one bioProcess in which each ligand is represented in the 
formula for appropriate class of variable providing the Velocity, or b) two or more bioProcesses. in series or 
parallel or both, when the mechanism of the reaction is known and information is available. The latter case is 
preferred where separate bioProcess, one for each ligand. compete with each other for the common component(s). 
with an strength dependent on their respective affinities and Concentrations. In addition to the cases above, it 
is in general preferable to model several complex-form-process in the following cases, as described in more 
detail below: 

- all t>pes of inhibitions in which an irreversible complex is formed, such as E * I -> El. or E + S - 1 -> SEI. 

- the effects of antagonists, such as K ♦ Ant •> R-Ant. and 

- tne feedback activation or inhibition by products, such as E + X * I' •> P - Y ♦ Z. where I* is the product of either 
this reaction or a downstream reaction. 
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Different tvpes of inhibitors mav be modeled in a variety of ways to show different behaviors, usually 
jivoivinc a complex-form-process in which the resulting complex would have different characteristics: 
A competitive inhibitor and the substrate are mutually exclusive, which means that □ does not bind S. but .1 
mav result in E + S * I <-> ES ♦ El*> P . This tvpe of rev ersible competition is best modeled as one enzymeEngine 
comprising enzvme.r. substrate.r and inhibitor, and a btoProduct. with its matching standard kinetic equanon. 
The intermediary complexes mav be modeled if desired by editing the value of the time-lag, to account tor the time 
the E. S and 1 spend in the complex forms ES and EI, not explicitly modeled otherwise. The same approach can be 
applied to any other class or type of bioProcess, when appropriate. 

.An irreversible inhibition is equivalent to enzvme removal from the system, with the Vmax reduced, and it is 
therefore best represented bv two parallel bioProcesses. of different classes: a) an enzymeProcess tor E * S -> P. 
and b) a complex-form-process for E ♦ I -> El. The producnon rate of P is influenced by the Concentrate ot &. 
directlv and I. indirectly, while the production rate of El is indirectly influenced by the Concentration ot S. It 
mav also be represented by one enzyme-process containing enzvme.r. substrate.r and inhib.tor.r, and two 
bioProducts (E + S + I -> P + EI), with its matching standard kinetic equation. 
■ An uncompetitive inhibitor mav bind reversibly to the ES complex yielding inactive ESI complex, but it does not 
bind to enzvme alone. This model needs some modifications of the regular bioProcesses. because it requires 
access to an intermediary complex that is not explicitly modeled in the system of this invention in a standard 
enzyme-process ( £ + S ■»■ I -> P). This type of reaction may be represented by three bioProcesses. first in senes 
and' then in parallel: a) complex-form-process: E + S -> ES ; b) enzymeProcess: ES -> E » P; and c) 
complex-form-process: ES * 1 -> ESI. It mav also be represented by one enzyme-process compnsing enzyme.r. 
,uPstrate.r and inhibitor.r. and one bioProduct ( E ♦ S + I -> P). with its matching standard kinet.c equation. ■ 

- A noncompetitive inhibitor and the substrate do not affect each other's binding to the enzyme, however the 
trimenc complex SE1 ( ES + I -> SE1 or EI + S -> SEI) may be inactive. The main effect is a sequestering ot either 
enzyme or both enzvme and substrate, and the Vmax is reduced. This type ot reversible competition is best 
modeled bv three different bioProcesses: an enzyme-process E ♦ S -> P (a), and two complex-form-process: E + I 
-> El (b), and E + S + l-> SEI (c), where (a) and c) have the same Ks and (b) and (c) have the same Ki. It max- also 
be represented by one enzyme-pnx:ess comprising enzyme.r. substrate.r and inhibitor.r, and three bioProducts ( 
E + S + I -> P + EI + SEI), with its matching standard kinetic equation. 

- A mixed-type inhibitor I is such that reversible binding of either I or S to E changes the Ks or Ki of the other by a 
factor u. yielding ES, El and inactive ESI complexes. It may be best represented by three different bioProcesses: 
an en/vme-process E + S->P (a), and two complex-form-process: E ♦ 1 -> EI (b). and E ♦ S + I -> SEI (c), where 
(a) and (c) have different Ks and (b) and (c) have different Ki. The Ks' of (c) may equal the Ks of (a) multiplied 
bv a, or similarly, the Ki' of c = a'Ki, where a is a cooperahvity-coetncient that may be introduced as a factor 
in the formulas of the respective Ks or Ki. 

. Different n-pes of feedback regulation by downstream products i> represented by different sets of bioProcesses. 
As examples are given the following cases of feedback inhibition by more than one product: 

- Cooperative or synergistic inhibition is when mixtures of Pi and V: at low concentrations are more inhibitor) 
than the sum of inhibitions bv each at those concentrations, and at saturating levels of either one ot the products 
T, and P:. the velocitv of the reaction may be driven to zero. It means that both Pi and P: can combine with E 
simultaneously to form EPlP: complexes. This system may be represented by 4 bioProcesses: an 
enzvme-process: E ♦ S -> P(a), and three complex-form-processes: E » li -> Ell (b). E ♦ I: -> El: (c) and E * 1 1 ♦ u 
•> Qll: (d), where h = Pi .and I: = P:. and where (d) have different Kn and Ki: than (b)and (c) (the K n ot (d) 
= a'Kii. and the K'i: of (d) = (J*Ki:, where a and (J are cooperativity-coefficientsi 

- Cumulative or partial inhibition is when each end product is a partial inhibitor, and a saturating level ot one 
alone cannot drive the velocitv to zero. Each of I . or I: alone, either increases the Ks of S (partial competitive 
inhibition) or decrease kd of E (partial non-compet.t.ve inhibition) or both (partial mixed-type inhibition!. 
True cumulative inhibition result* in the second case, where the total inhibition ractor .s n - n • <: '(l-i. i 
This tvpe of reversible competition is best modeled by three different bioProcesses: an enzyme-process: E - - -> 
P (a) and two complex-form-processes: E * h ♦ I: -> EM: (b). and E + S * li + l:-> ESlifc <c>. where .a, and c. 
have the same Ks and |b) and (ci have the same Kii and Ki:. It max- also be represented by oneenzyme- P n«e>.- 
comprising enzyme.r, substrate.r. inhibitorl r and inhibitorlr. and ihree bioProducts { E + S + h • I: -> I 
Elik * ESlll: 1. with its matching standard kinetic equation. 

- Concerted or multivalent inhibition » when both end products have to be present to be inhibitory, and e.tner 
alone has no ef tect on E. It means that either El si: does not bind S or ESlll: is inactive. It may be repre*nted in 



34 



WO 96/22575 



PCT/US96/00883 



two alternative ways, either by: 1 ) two bioProcesses: one enzyme-process: E + 5 -> P (a) and one 
compiex-torm-process E + ll + I: -> Ell I: (b); or 2) one enzyme-process: E + S + ll + 1: -> ESI il: (c> . In both (b) 
and (c). the matching standard kinetic equations include a term to represent the concerted effect of ll and I:, that 
is proportional to the Concentration of ll multiplied by the Concentration of I: . 

- Additive inhibition implies the presence of two distinct enzymes or catalytic sites, each sensitive to only one of 
the feedback inhibitors. This type of reversible competition is best modeled by three enzyme-processes: a) E + Si 
+ S: -> P; b) E ♦ 5i + S:+li -> P; and c) E + Si * S: + I: -> P. ll may also be represented by one enzyme-process 
comprising enzyme.r. substratel.r, substrate2.r. inhibiiorl.rand inhibitor2.r, and one hioProduct ( E + Si + 5: 
- h + I: -> P + Elil: ♦ E5liU ), with its matching standard kinetic equation. 

• Sequential inhibition is when downstream of El and Si, one product Pi inhibits enzyme E: and another product 
P: inhibits enzyme E* of another pathway of utilization of Si. When both Pi and P: ==are at high levels. Si 
accumulates, and Si may also inhibits El This type of feedback inhibition is best represented visually by a 
combination of the appropriate bioProcesses, as described above, in parallel and in sequence as required 

• Lumped Enzymatic Pathways: In occasions, it may be desirable to model a pathway, such as an enzymatic 
pathway, for which: a) the details may be unknown or not desired, b) only the inputs and the outputs are 
relevant, and c) sufficient quantitative or qualitative information is available about the rate limiting enzyme- 
and the inputs. Because of metabolic and energy/ mass conservation constraints, only a few of their net 
conversion rates are independent variables, and the others are mutually dependent, various of those reactions 
can be combined and the pseudo-steady-state approximation of the combined process can be used instead. For 
these cases, the currently preferred embodiment of this invention provides enzyme-bioEngines classes with 
templates and stubs for two or more enzymes, and which formulas consider only those enzymes, together with 
the substrates that are inputs to the pathway and the products that are outputs of the pathway, ignoring the 
intermediaries and other participating enzymes 

• Black-box-bioProcesses: The metabolic pathways of cells and organisms are composed of a large number of 
chemical reactions and compounds, that, assuming normal physiological conditions, maintain the steady-state of 
the sy stem. To simplify the overall structure of the system, in the currently preferred embodiment of this 
invention many of such metabolic pathways are considered as a black box with inputs and outputs connected to 
other modeled pathways or two other black boxes, and are generally not modeled. The black boxes are 
considered, until better defined, as a collection of constitutive bioEntities interacting under steady-state ' 
conditions. If and when it is desired to model disturbances at specific points in the pathway, the black-box can 
be split into the pathway before and the pathway after (both of which remain like black boxes) , and the segment 
a here the disturbance occurs to be defined and modeled. 

f) B Handling Challenging Aspects of Modeling Complex Systems' Behavior 

• Modeling Internal Mechanisms of Cells 

- The transfer of molecules fmm compartment i to compartment j does not happen at once, but rather follow-. J 
Gaussian distribution, which may be modeled using the corresponding model-block to from which the. 
translocation-rate would be dependent. The bioEngines have also a "time-lag" attribute, defined as the time 
interval between the availability of the bioKeactants to the biol'rocess and the the availability of the 
biol'roducts to the next biof'ool. which can be used for processes where translocations of molecules or cells are 
involved. The analytic equations for the distribution of bioEntities in consecutive pools, are a function of the 
initial concentration of the first biol'ool and the corresponding translocation-rate constant tk) and time-delays 
(d), respectively, of the successive bioEngines. For example, to model the series of translocations of proteins 
through the several compartments in which they are processed after their synthesis, with the system of this 
invention, the modeler would clone from the Palettes set of bioReservoirs and bioProcesses of the appropnate 
types o represent the different terms of the following equations, which are then transferred to the appropriate 
compartments, connected and configured, and desired values are given to the model parameters. Translocation 
rates between compartments could be expressed as translocation half-times, defined as : t j ^ nu = In (2/ K nu ). 
where K nu is the rate constant tor processing in the nucleus or the rate constant for transDort from the nucleus 

to the ER, or both lumped together. For steady-state balanced growth, where u=0 and rp(t) is the rate of 
transcription in the nucleus (molecules/hour/celll: |RNA| nu S:j (t) = rp(t)/K nu . The additional equations that 
follow are similar to those proposed for cell cycle-dependent protein accumulation by Bibila &z Flickinger, 
(1991). Biotechnology and Bioengineering 2£: 767-780, and have to be adapted for use in the simulation 
formulas of the system of this invention which takes a dynamic appmach: 
- |X 1 | = ?X l *|X 1 | 0 *e-'» kl,, (thisisER) 
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■ X-,1 = aX,/*X, ? |X,| 0 * <e-«**V*2*»V h/ <k 2 -kl). where ,, - , " d l 0hiS iS C0 ' gi) 

|X3l = ?X2/§X, *|X 1 | 0 *H*- kl *'"-D/kl +(e- k2 '''-l)/ki>/ O^l*- "here t^t-dt-d, (this is extracell. 

comp. lor secreted proteins) 

On manv occasions, the newly generated molecules are secreted, while on other occasions, the newly generatec 
molecule* are retained in the cell, either to maintain housekeeping functions, which are usually included in the 
steadv-state and no implicitlv modeled, or they result in new cellular functions, in which case, its mechanisms 
are graphically modeled. If this response results only in proliferation, the inference engine may monitor the 
simulation of the cell mechanisms, and based on the values of certain variable or sets or vanable, may cyclically 
activate the next phas«ompartment in the cycle. However, if the response results in cellular d.fferentiat.on. the 
inference engine activates a different cell-bioModel, if such exits, that represents the new stage ot 
difterennation. or will send a message to the user otherwise. 
■ The different bioProcesses in a cellular bioModel may be activated for different periods of time, if placed within 
sequential time compartments, but thev will be overlapping with many other bioProcesses contained in the 
CO-phase-compartment, which are not deactivated during a simulation. BioReservo.rs that may be participate 
in two different sequential time compartments are preferably located and contained w.thin the 
CO-phase-compartment. to maintain the continuity and to cam- over the values ot its concentranon / density / 
scaled-amount fwm one sequential discrete time compartment to the next. These temporal compartments 
represent somewhat defined cellular phases with different activities. 

- Mechanisms that are well studied in one animal soecies can be interpolated in the pathways of other species 
where the pathway mav be less understood, such as in humans, by cloning the submodel containing the 
bioRe^ervoirs and bioProcesses from the first species and transferring to ihe appropriate compartment ot the 
,econd and then renaming and reestablishing the appropriate connections. For instance, the genes that 
participate in programmed cell death or apoptosis in the nematode C elegans have been identified, and it 
appears that ccrf-9 acts bv inhibiting or c«M activity. Since the human bcl-2 is also active when inserted 
into C elegans (Vaux et aL. Science 2W: 1 <*5) and it is also believed to be the homologue of ced-9. a model 
equivalent for that for the interactions of ced-9 with ced-4 or ced-4 can be also constructed tor bcl-2 with 
ced-3-like or ced-4-like. 

- BioPools that represent points of entrv for non-physiological substances, such as drugs or synthetic agonists, 
antagonist* or inhibitors that are not produced within the cells, at the compartment where it .s first introduced 
have the following characteristics: a) they receive their values only from external sources, such * a 
simulation-panel, initially, the concentration equals the external input, and therefore I inputs = entry \ alue; b) 
thev have a basalConcentranon value of 0. c) they have no schematically modeled inputs, d) e) they may have 
several schematically modeled outputs, through modification- and translocarion-bioProcesses, in addition , to the 
decav term that represents diffusion, degradation and dilution, and e> the quantity yar.ables ot those biol ools 
cannot obtain values higher than those inputted by the user, but may get smaller over time due to the outputs and 
the decay factor < | As|Mi*I outputs) < lentryj). When that compound is modified or translocated to another 
compartment, the latters is a regular bioPool. but still constrained 

• Modeling Cell Population Dynamics 

- There is a number of ways of modeling and simulahng cell population dynamics, usmg this invention. A number 
of a.tnbutes defined for the classes cellReservo.r. cellPool. cell bioModel. and other bioObjects can be used to 
hold parameters and variables to be used for that purposes. Following the teachings of this invention, other 
uttnbutescan be similarly defined and used to better meet any particular biological system to be modeled, or 
hypothesis that a user may want to test, or to meet the needs for any moniionng or control system that use those 
biological models. Some examples are presented beiow 

- The state transitions are represented in the system of this invention by translocation bioProcesses between two 
biol'ool, each containing entir.es in the former and in the latter states, a, a rate that is determined w.th one o. 
three approaches: a) mechanistic approach; ^probabilistic approach; or c) determ.mst.c approach. 

- In the mechanistic approach, the rate ot the translocation process will be dependent on the dynamically 
channmg values of certain vanable or combination of variables, implicitly modeled inside an indicated 
cell-b.oModel. reaching some threshold values). With this approach, the high-level models may be «nj«rat*d 
with the mechanistic models, representing both the spatio-temporal integration in a single c*ll-b,oModel and the 
quantitative data about populations of such cell modeled. This mechanistic approach is currently difficult to 
implement tor the particular domain selected for this invention, since there is not sutt.c.ent information 
available This approach can be miplemen.ed with bener known svstenis in other domains 
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For some simplified in vitro biological systems, such as oocyte extracts, a mechanistic approach is used to model 
a transition which mechanism is known or expected, such as the role of the interplay between cyclin-B2 and the 
phosphorylated and dephosphorylated forms of the cdc2-kinase in the transition from the C2 to the mitosis 
phases of the cell cycle. The rate of increase in the number of cells with a cdc2"cyclin (cc)level greater that * in 
a given cell cycle phase = fraction 01 cells in that phase (Gj) * |the rate at which cells within that phase reach a 
cdc2"cyclin level (|cc| ci ) greater that <» - the rate at which cells with cdc2**cyclin level greater that » leaves 
that phase ): 

The following is an example of how a simplified mechanistic approach can be implemented. The rates of growth 
in eukaryotes and the rates of translocation from one cell-state-pool to the next can be represented as a linear or 
nonlinear functions of the concentrations of specific molecules, such as external regulator),' factors, regulatory 
enzvmes. and total and specific mRNAs. For example, if a limiting protein U determines the transition from one 
time-compartment to another, then the expression of the mRNA for L could regulate that transition. Furthermore, 

the growth-rate u can be represented as a linear function of the concentration of a given specific mRNA , and the 
rate of mRNA transcription can he represented as a non-linear function of the concentrations of two or more 
growth factors (or other regulators), or it can be assumed to be a combination of growth associated and 
stimulus-dependent kinetics. In turn, the steady state values of all enzyme synthesis rates and the total specific 

RN A level are a function (linear for RNA) of the steady-state specific growth-rate u. The total RNA can be 
used as a measure of the growth resources of the cells, since the ability to increase a stimulus-induced specific 
sRNA is limited bv the amount of synthesis proteins, which in rum is limited by the amount of total RNA. 
Because the relatively high rate of RNA turnover and the dilution effect of cell growth, the |sRNA| responds 
immediately to a removal of the stimulus-effector. With an increase of the stimulus-effector, the rate of increase 
of |>RNA| is controlled by a time constant which is inversely proportional to the total RNA of the cell (Copella 
&Dhurjati 1990. Biotech. Bioeng. 35:356-374). With the system of this invention, the modeler would clone from 
the Palettes set of bioReservoirs and bioProcesses of the appropriate types o represent the different terms of the 
following equations, which are then transferred to the appropriate compartments, connected and configured, 
and desired values are given to the model parameters. The following equations have to be adapted for use in the 

simulation iormulasof the system of this invention. (u = k x *(|mRNA|-|mRNA|o)->(l/h) = (gX/gRNA) * 

(gRNA/gX/h); t = k x /( u + k x '|mRNA|o/|Xl), where k x is the rate constant for mRNA transcription 

{gRNA/gX), t is the time constant (gX/gRNA), and |mRNA|o/|X] is the specific |mRNA| at u=U. The growth 
rate can also be viewed as the sum of all rates in one simple anabolic pathway divided by the total mass 

(growth from glucose in bacteria): u=(Irj)/|X|. The number of generations: * = log(2)((X - Xo)/Xo)» 

u • C,' tP* * J, ~ >. Cl (x)dx = C t * e"' • (|cc| C1 (o) * /. C1 (n) - r(C r >S) • )„" 6(x)dx), where X Cl f x) and Wx) are 

the frequency functions describing the cc content distribution for cells in Cj and Cy>$ transition, respectively, 
and r(C 1 ->S) is the rate constant that describe that transition: r(C 1 ->S) = u / Gj* (N ( i » Ct * S). r(S->C 2 i = 
u / S* fNn ♦ C 2 ); rfC^-^} = u / C 2 * N 0 

The following equations are examples of how overall rates of synthesis can be used to implement black-boxes, 
where each of those equations provide the value for the Velocity of the black-boxes to be represented by the 

corresponding type of bioProcesses: for IFN-a -> IL2 : rs(TF-IFN-j) = ki * [IFN-u| and rsloiRVviU) = k: * 

lTF-IFN-a| I or rs(niR\A-!U) = 1+ k* |rFN-a) /Uk* [IFNhi|+ k.-;); rs(IL:i = k? * |mRNAtu|. 

Bv using the concentrations variables of sol-mol-pools, expressed as moles per volume units rather that per cell, 
it would not be necessatv to adjust the steady-state concentration with growth for constitutive enzymes, since it 
is assumed that both increase at the same rate, while for regulated enzymes, the dilution effect is more apparent, 
since it is not paralleled by synthesis. In the current implementation focusing on regulator) processes, since 
most of them take place in the form of large molecular complexes, highly localized in some parts of the cell, it 
would be more meaningful to use the defined density variables (molecules per cell). To synchronize the 
simulation from the intracellular to the cellPool level, the quantities of all the bibPools of extracellular 
molecules are halved at each cell division transition. In addition, specific rates are rates per cell, and total rates 
are specific rates multiplied by the cell density. Specific cell components may increase throughout the cell cycle 
a) continuously at a constant rate, b) at a rate that doubles when the DNA is replicated, c) at a progressively 
increasing rate which follows fist-order kinetics, or dl discontinuously, according to a sequence ut events 
which changes the rates in a complex pattern 
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- When the mechanisms are unknown, a deterministic approach may be taken with the transits modeled as a 
hrrKMJependent events. As shown in Fig 2. the cell-phase compartments, wh.ch are holders or mechanistic 
models, also have an attribute "interval" to hold information about the experimentally observed duration 01 
that phase of the cvcle. which can be used during a simulation-run to deterministically deactivate such 
subworkspace when that period of rime has elapsed since the subworkspace was activated, or whenever any 
tvpe of known constraints are met. In the deterministic approach, the rate of the translocation process is defined 
b'v a rate constant, which mav have a constant predefined value, or its value may be vanable and set at run-time 
bv a simulation formula, an expert rule, or procedure, such as one that reads the phase"* "interval" just 
described, or it can be modeled bv a model-block. The transfer of cells from cellPool i to cellPool j does not 
luppen at once, but rather follows a Gaussian distribution, which may be modeled using the corresponding 
model-block. 

- Following is an example of a high-level representation of the effect of some drug on cell growth, when there is 
partial mechanistic knowledge available, but where most of the many other steps in the pathways leading from 
the external drug to the regulation of cell growth are unknown. In a system where enzyme Xl produces a soluble 
substance c which is used in the formation of active enzyme X:. If Xi and Xi represent the total amounts of X . 
and X: contained in n cells, and if X2 is the component which, upon reaching a threshold, determ.nes the 
occurrence of cell division, so that n = pXi. where (J is a constant, then, assuming steady-state, when c remains at 
a steady concentration and therefore the formation of X: is proportional to (Xl|). follows that: d[c]/dt = 
A(Xi/n>-B(Xi/n)lc|-C|c| = 0, (1) where A, B, and C are constants. From (1) it can be said that c = (JXi/Xi, 
and following a set of derivations it results that the growth rate is: k = d(ln n)/dt = d(ln Xi)/dt. If now c 
decreases fmm the action of some drug, then Xl which is propornonal to |c| decreases. The cell growth rate 
dn/dt = |1 dXi/dt will also decrease. The effect of the drop in c is an increase in Xi relative to Xi. until a new 
level of Xi is reached that restores the cell growth rate to its initial value. In the representation used in this 

invention: _ 

- the 1st term i* represented bv an enzvme-bioProcess corresponding to the formation of c by Xi, where the 
enzyme-bioReactant would be connected to the bioPool of Xl, the substrate-bioReactant would be connected to 
the bioPool of the precursor of c, and the bioProduct would be connected to the bioPool of c; 

- the 2nd term is represented bv an complex-formation-bioProcess corresponding to the consumption ot C in the 
formation of X: from c and other subunit(s), connected to the appmpnate bioReservoirs; and - 

- the 3rd term could be represented, depending on the specific biologic mechanism to be modeled, by: a) a 
complex-formarion-bioProcess corresponding to the consumption of c in the formation of a complex leading to 
the loss of c by degradation bv a ubiquitin-dependent mechanism, connected to the appropriate bioReservoirs; or 
b) a transltKation-bioProcess.' representing other mechanisms of lo>s of c. such as by diffusion, connected to the 
appropnate bioReservoirs; or c) implicitly represented by the degradarion-coeff within the formula that 
determines the current amount of c. which includes a term with default degradation. 

- in this system the scaled-amount set of variables is used, because what .s relevant for the behavior ot the system 
are the relative value of Xi in relation to its threshold, which determines cell division, and the rano between 
Xi/Xi which regulates the rate of production of X:, and not their absolute amounts. 

- the value of the number-of-cells attribute of the cell-bioModel that contain those bioProcesses and their 
correspondmg bioReservo.rs, is doubled when the scaled-amount of the bioPool of X: reaches the threshold, and 
at the same time. Xi, Xi are halved while |c| remains constant. 

- The above example is an oversimplification, and in fact much more is currently known about the mechanisms 
that determine the initiation of mitosis, in which complex interdependences are involved, such as the equivalent 
of X' a complex regulating not onlv the rap.d increase in its producnon by a positive feedback loop upon the 
equivalent of Xl. but also Xl regulating its destruction by activating an enzyme in the ubiquitin^ependent 
mechanism and X: regulating its inactivation by activating another enzyme that converts Xl back to c. In 
general in the absence of diffusion, the simple case that might produce organization in time .s that of two 
concentration variables, Xl and Xl. where the value of each is dependent on the value ot both, such as when: 
d[Xi|/dt = vi (Xi*:); and d|X:)/dt = v: (Xi.X:). 

- Other htgh-level physiological events can be modeled in a similar manner, such as considering different cells 
subsets (i.e. neutrophils) changing compartments (intravascular -> interstitial space during inflammation) as 
induced by cytokines (i.e. TNF-ou which is produced upon activation by macrophages, neutrophil;, 
T-lymphocvtes. natural killer cells and mast cells), in chemotactic-biol'rocesses. The time-period that a cell 
subset stays in such a compartment depends in part on the expre^.on of adhesion proteins (such as E-selecttn 
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ELAM-11 or ICAM-1 by endothelial cells, which expression is induced by TNF-ct). that wilt be components of 
;eii-interachon-biol'rocesses. 
• Modeling Progression through Different Cell States: The Cell Cycle and Cell Differentiation 

- Each cell-phase has two attributes called the Generation-number (*) and the Number-of<ells (N. per volume 
unit). At each cell division at the mechanistic level, that is, when the subworkspace of the M-phase compartment 
is deactivated and optionally the subworkspace of the CI -phase compartment is activated, predefined expert 

rules set <t> = * +1 and N=2n for each cell-phase of that cell-bkiModel. Another attributes called Mass-per<ell 
(X), can optionally be given a value and used to calculate specific values as a function of cell mass, in which 
case predefined expert rules (Table 78) set X = X /2 for the Co-phase, and the Gl -phase if applicable, of that 
cell-bioModel, and then the value of that attribute would be modeled as dependent on time or as dependent on 
any other variables), such as the concentration of some specific mRNA(s) or protein(s), until reaching again a 
value of X or close to X. In turn, the value of X can be used to adjust other quantities or to control the activation 
and deactivation of the subworkspaces of each successive cell-phase of that ceH-bioModel. making it dependent 
on cell-size. The equivalent at the population level at mitosis is that n cells from the M-phase bioPool are 
translocated to the GO-phase (or the Cl-phase depending on the situation) bioPool while multiplied by 2, so that 
theC0fCl)-phase bioPool receives 2n cells. 

- FIC.13 is a representation of the mechanistic approach, and attempts to represent on paper what can be 
achieved dynamically at run-time applying the innovations of this invention. If we assume that a cell is tn 
Go-phase state and focus on that state's sub-workspace (1301), and there we assume that variables represented 
as Zand IV have received the values z and w. respectively, then following the implementation described in this 
invennon. a rule will be invoked (1102) that will activate the subworkspace of the CI .1-phase (1303) 
compartment. Activation of Gl.1-phase.sw implies that all the variables and parameters encapsulated xvithin 
the bioObjects contained upon that subworkspace will be available to the simulator, and the data flow can now 
continue through any branch of the pathways represented there. Therefore, upon required events being 
satisfied, such as 2 and W reaching certain thresholds -which could be an effect of binding one or more growth 
factors to their receptors on the cell membrane-, the cell makes a transition from the GO tu the CI .1 phase. The 
subworkspace of the CI .1-phase remains activated during the whole simulation run because it contains all 
those bioProcesses that are not cell cycle specific. Focusing now on the simulation of the CI .1-phase (1303), 
two expert rules could be invoked, saying that "Whenever variable A receives a value a > ol then activate 

CI 2-phase.sw" (130-1), or "If X and Y receive values x > u2 and y > o3 then activate Differentiated-Cell.su " 
(1305) and depending on which one is invoked first, either the subworkspace of the Cl.2-phase (130ft) 
compartment or tlie subworkspace of the Differentia ted -Cell .>w (1307) compartment will be activated, since the 
subworkspace of the Gl.l-phase (1306) compartment will be deactivated by another two expert rules that state 
that "Whenever the subworkspace of the C1.2-phase (or Differentiated-Cell) is activated then deactivate the 
subworkspace of the CI. 1-phase". This way or reasoning apply to the other cell-phases as well, with the 
difference that the options vary for each cell-phase. For example, the CI 2-phase (1306) and S-phase ( 130X1 may 
be committed to onlv one option, with the time for pmgression to the next phase being determined by one ruie. a« 
shown, while the C2-phase (1309) and M-phase (1310) have two options, and which one will be activated ir- 
controlled bv two rules, as described above. One of the options, Apoptosis (1311) is a dead-end stage, 
representing regulated cell death. While in M-phase (1310). a live cell's program tells it, before or dunng cell 
division, to continue proliferating, in which case one or both the daughter cells entenng again the CI. 1-phase. 
bv activating the subworkspace of the CI .1-phase, or to exit the cell-cycle, in which case the simulation 
continues with onlv the Go-phase. Note that the options for each one of the cell-phases have been predefined by 
the characteristic number of stubs for each subclass . 

- The dvnamics svsiem diagram in that figure is used to represent that the defined attributes of the subclasses of 
cell-phase contain a variable that allows to keep track of the proportion of the cells, from the original number 
on Go-phase, are progressing through the phases of the cycle, as an alternative to build a model with a set of 
bioReservoirs and bioProcesses. This variable can be modeled using a probabilistic or mechanistic approach. 
In a probabilistic approach for representing cell-phase distributions, a balanced growth type of cell population 
is characterized bv such distributions, which is a time invariant property even if their total number increase 

exponentially with a constant specific growth rate u. Each of the subsets of that population, which represent 
different cell-pluses, and which can also be represented as separate celll'ools in the system of this invention, 
increase in number at the same specific rate and are also characterized by time invariant property distribution;, 
which is represented bv the "typical-fraction" attribute of each of the cell-phases. At some steps during a 
simulation, the alternative cell-Dhane compartments that could follow may exclude each other at the stnule cell 
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level, but not at the cull population level, so that different subsets of a population may follow different paths, 
wnh the distribution depending on the strength of signaling events generated within the simulation itself. 
Therefore, the simulation of the value of this variable could be modeled to represent the probabilistic 
distributions, independently of which subworkspaces are activated first following the mechanistic approach 

- As shown in F1G.32. If a cellular response results only in proliferation, the simulation of the population cell 
dynamics involving bioPools of cells in different states, results in cells that keep translocating from biol'ool to 
bioPool. each representing a different one from a discrete number of states, resulting in cycles through a 
closed-loop set of cell-state bioPools, one of those . However, if the response results in cellular differentiation, 
it generates branching to a new closed-loop set of cell-state-pools. 

- RC 32 shows how a cell populations approach btoModel can be build to model the translocation of cells 
between the major states considered, as mechanistically represented by the defined subclasses of cell-phase, by 
creating and connecting a set of bioReservoirs and bioProcesses. as the example detailed in the figure shows. 
Although the cell cycle is a continuous one, it can be compartmentalized into functional cycle intervals 
whenever it is deemed useful to better represent the dynamic simulation of the system. The initial state is the 
resting state, represented by the cellPool Cell-Xl-Go (3201 ). which contains cells of type XI for in 
differentiation stage XI ) in the Co-phase. That cellPool may receive inputs (3202) from various sources, 
represented bv biol'aKesses in which cells are added to the resting pool after having been activated or cycling 
as the result of a varietv of factors, and its outputs (3203) may contribute also to a variety of such bioProcesses. 
such as the one that will be here described. While at Ct>-phase. if the cell is activated (3204) by a growth factor 
(3205). antigen or any other activating stimulus, the cell enters the activated state or CI .1 -phase (320ft) and 
added to the corresponding hioPool (3207). From that bioPool (3207), all the cells may follow one of the two 
different options, or different cells may follow different options for the next celt -phase, depending on the type 
and strength of the signals received, either: al following the cell Cycle (320S) if certain growth factor(s) (3209) 
are sufficiently present, resulting in cells XI in CI .2-phase pathway (3210) and added to their corresponding 
bioPool (3211), or b) following the cell differentiation pathway (32121 if certain differentiation factorts) (3213) 
are sufficiently present, resulting in cells X2 in C1.l-phase (3214) and added to their corresponding bioPool 
(321?), and these cells will now follow a new set of . Each of the cell types will be then running in parallel, 
with their own set of bioReservoirs and bioProcesses. The same reasoning applies to the rest of the system, as 
detailed in the figure, which will not be further explain, only to say that and the end of the celLcycle. in the 
cellEngine (321h) that returns cells from M-phase (320ft) to CI ,1-phase (320ft), has not only a translocation 
function, but in addition, given that the "stoichtometric-coeff" of cell-Xl-Go is 2 while the J? *-. 
"stoichiometric-coefr of cell-XI-M is 1, it doubles the number of cells to be added to the cell-XI -Co-pool. 

- In fast growing organisms, the dilution factor resulting from cell growth is represented by u, while in Slow 
growing cells direct enzyme degradation is more important, since the levels of many enzymes in animal cells is 
controlled bv the balance between enzyme synthesis and degradation, called turnover. The synthesis of an 
en/vme is a zero-order process, while the degradation usually has a tirst-order kinetics (proportional to the 
concentration of enzymes. 

- It is very difficult to measure directly the rates of change of different cellular components at the single cell level 
A modeling framework requires at least data from measurements about the distributions of single-cell 
components in growing cell populations, and at the time of cell division and birth, which in some cases can be 
obtained bv multiparameter flow cytometry. 

- Growth rate in terms of net rate of protein accumulation in single cells in each phase of the cell cycle. 

- The growth rate in terms of net rate of protein accumulation in single cells in each phase of the cell cycle 
can be calculated, for balanced growth cell-populations, based on the measured distribunons of single-Cell 
protein content in the total cell population. Similarly, net rates ot accumulation of any specific protein as well 
as an v other compound or property can be calculated whenever the properties and their distributions can be 
measured on a single cell basis, such as with multiparameter flow cytometry with gating features, that permi; 
direct correlation with the cell-cycle phase. Kromenaker and Srienc ll°°l) defined balanced growth-cell 
populations as those characterized by: a) the total cell number increasing exponentially with time according ti> 
a specific constant mean growth rate, and b) the total cell population and any of its sub-populations having a 
nme invariant single-cell property distributions They developed equations to represent the dynamics of a given 
protein content range in an individual cell cycle, and after deriving restrictions that apply to the rate constants 
jnd substituting those in the onginal equations, the obtained expressions for the growth rates for each 
individual cell cvcle. The transformation of this model into the graphic language pmposed in this invention, and 
the incorporation of those equations is an evample of a currently preferred embodiment of this invention, whicn 
is explained in more detail in Exhibit Ml. 
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• The transition between different ti me-companments may also be made a function or' cell size, or its equivalent 
rotal-orotein content, both or which are attributes ot" cell-bioModel. At the population level, the transfer of 
cell-units from the bioPool of cells in CI .1 -phase to the bioPooJ of cells in Cl.l-phase is also based on the value 
ot such attributes. For example: the rate of increase in the number of cetls with a protein content greater than a 
given value p in CI. which may be established to delimit the CI. 1 -phase from the CI .2-phase compartments, 
equals the rate at which cells with a protein content greater than p enter Cl-phase + the rate at which cells 
within CI -phase grow into the class of cells with a protein content greater than p - the rate at which cells with 
a protein content greater than p exit the Cl-pnase. 

- Additional sub-phases can be analyzed whenever appropriate landmarks can be observed to define additional 
transitions. To represent a specific form of cell death, which is highly regulated and known as programmed celt 
death or apoptosis. a separate time-compartment is defined in this system, which is equivalent to a cell-cycle 
phase compartment but with the difference that has a dead end and does lead to a next compartment, but rather 
eliminates cells that have passed through certain specific combination of events. In addition, an additional term 
representing the rate of exit from each cell-cycle compartment via other types ot cell death may be introduced 
into each of the population balance equanons. 

- In this system, in general it is assumed that cell division is symmetric, and that total protein is conserved at cell 
division. The CI -phase is bounded by cell birth and initiation of DNA replication; 5-phase is bounded by the 
initiation and completion of DNA; C2 -phase is bounded by the completion of DNA synthesis and the initiation 
of mitosis; and the M-phase is bounded by the initiation of mitosis and cell division. At balanced growth, each 
subset of cells in each cell cycle phase increase in numbers at the same specific growth rate as the overall 
population. The rate of entry into the CI phase is twice the rate of exit from the M phase. Additional phase 
compartments can be added whenever other transition landmarks can be measured, as well as the cell 
distribution at each side of the transition. The following can be used as the equations to model the rates, rcrc; = 
k * No / C:t', rci> = k * (No + C:o + &') / Ch', rSc: = k * (No + C:i>) / where No is the number of cell in the 
total population at some reference time, and No = Cu> + C:i> + St' at this time 

- The currently preferred embodiment of this invention deals with different stages of cell differentiation, each 
representative of J characteristic set of behaviors, as separate pools of cells. All the cells in a pool have 
identical behavior and, again, in the system of this invention when one refers to an instance of a cell with a 
particular phenotype it does not mean an individual cell but rather a pool of equal cells that is characterized by 
its behavior and also by a cell-number and a cell-density. We have also considered previously cases where 
individual cells grow and differentiate in response to specific signals provided when environmental factors 
activate specific receptors that initiate a signal transduction pathway within the cell. However, different cells 
respond by following diverse pathways in response to an identical signal, and this specific response depends on 
the history of that cell. For example, erythroid cells could be allotted to three pools with phenotypes 

naracten/ed by the presence of two cell differentiation surface markers CD34 (a glycoprotein! and CD71 (the 
transferrin receptor i: a) CD." 5 -!" include most immature erythroid progenitor cells; b) CD7l' 0lv include> 
intermediate stages; and cl CD3-1 includes most mature erythroid progenitors. Each of this 

populations have different predominant form of the erytropoietin receptor, and respond in different wavs to 
erytropoietin: CD34" express a truncated form of the receptor and respond by proliferation, while 
CDj-I'CD?!"'? 0 respond by differentiation and are protected from apoptosis or programmed cell death 
iNakamura et al . Science 2?7. HI, 1^921. In the currently preferred embodiment of this invention, the 

particular history or each cell pool is reflected in the specific bioModels as determined by the particular 
proctd ures to be followed, which are encoded in the corresponding attributes of the bioObjects that are 
components of that cell's specific bioModels. 

~. Navigation and General Modes: Exploring and Queering the Virtual Models 

a) Menus and Panels 

• The domain-menus associated with the Navigation Mode and the General Mode, the default user mode for u>er^ 
with no modeler or developer rights, comprise the headings: 'Help 4: Mode Menus". "Structure Libraries. 
"Pathway Libraries", previously discussed, and "Panels", which options include panels or various tvpe* u>ed 
to access tasks that are not initiated from one single bioKeservoir or bioProcess, or their components, but which 
are either application-wide or including more that one starhng points. 

• One of the panels is the Initialization Panel is used to request the initialization tasks associated with each of 
the buttons. Here we will discuss the methods associated with each of those buttons. An initially rule (Table 
i'7) causes this panel to be automatical!)' displayed when the program is started. Selecting the "Menu" button 
calls the hasis-menu-head-callhack (Table which cause? the creation of the specific domain-menus, by 
calling other procedures defined within the Shell and, depending on the current value ot the U"*r-mode ot the 
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window trom which the recues, has been made. i. passes as argument the name the menu-structures spec, he tor 
-ha, node. A menu-svstem-.emolate is a facility provided by the Shell that allows to build permanent designs o. 
connected structures or menu-templates of different classes, each corresponding to a different menu ophon. and 
each containing attributes that hold information about the "label" to be displayed by such menu option, the 
name of me procedure to be invoked, and depending on the class of such menu object it may hold either the name 
of the object which subworkspace is is to be d.splayed. or the name of a new menu system to be d.splayed. When 
an opnon ,s selected from the menu, the procedure named in its corresponding template .s started. which may 
take a> arguments the values of some of those other attributes. The doma.n-menus are transient sets of 
workspaces and messages that are dvnarmcally created mirroring the ordered design o» the named permanent 



menu-structure. 



. Meeting "References Scroll " displays the the subworkspace of the References Panel, discussed below. Selecting 
"Structure Queries" creates a clone of Master-General-Structure-Query-Panel and displays its subworkspace 
discussed in more detail below in relation to F1C.30. Selecting any of the "Experiment Setup #" d.splays the 
subworkspace of the corresponding "Experiment Setup Panel", which are variously modified clones ot the 
Master-Experiment-Setup-Panel, one of which will be discussed in more detail under the Simulation Mode 
heading in relation to F1C.3?. since part of the capabilities provided within this type ot panels can be used 
under the General Mode, and all the capabilities can be used in Simulation Mode. 

bl Initialization 

. Selecnnc the "Navig Init" button calls the navig-init-callback. which in turn calls the nav,g-mit-proc (Table 
w> which results in the activat.on of the subworkspaces of all bioProcesses and bioReservo.rs (wh.ch are all 
deactivated when the application is initially started), and then successively calling the fallowing procedures 

- the br-.n.tialuation-proc (Table 100) sets the appropriate values ot the "master-bioReservo.r" attnbute ot all 
b.oRe-*rvoirs. highlights the llag<olor region of the icon of those bioReservoirs that have "warnings . sets the 
appropriate values of the "ref-bioprocess" attribute ot all bioPool-pos.s of all bioReservoirs. and establ.sr.es 
all the appropriate "a-down-bioProcess-ot" and 'an-up-bioProcess-of' relations between bioProcesses and 
bioReservoirs. making then those changes permanent (not* that relations are transient and cannot be made 
permanent, and therefore thev are lost when the application is restarted). 

- the bp-.nirialization-proc (TablelOl ) changes the color of the type-color region of the icon ot each b.ol rocess to 
equal that of the hioEng.ne it contains, sets the appropriate values o, the "master-bioprocess" attnbute ot each 
bioProcess. highlights the flag<olor region of the icon of those bioProcesses that hav e "warnings , sets the 
appropriate values of the "ret-bioreservoir" attribute of all bioRole-posts of each b.oPnxess. establishes 
"an-upstream-bioReservoir-of" and "a-downstream-bioReservoir-of relations between certain pairs ot 
bioReservoirs that are separated onlv b'v one bioProcess. and establishes "an-upstream-b.oProcess-ot and 
"a-downstream-bioProcess^f" relations between certain pairs of bioProcesses that are separated only by one 

bioReservoir . 

- the downstream<ha.nmg-proc (Table 102) completes ihe downstream chaining process by extending tho* 
relations to distant bioReservoirs and bioProcesses. by establishing the appropriate 
••a-downstream-bioReservoir-of" relations between any b.oReservo.r A and each other b.oReservoir that ,> 
petitioned downstream of A in anv pathway, and establishes all the appropriate 

"a-downstream-bioProcess-ot" relations between anv- bioProce^ B and each bioProcess that ,s portioned 
downstream of Bin anv pathway. .. . , » 

- the upstream-chaining-proc (Table 103) completes the upstream chaining process by extending those relations to 
distant bioReservo,rs and bioProcesses. by establishing the appropna.e "an-upstream-b.oReservo.r^t 
relations between anv bioReservoir A and each other bioReservoir that is positioned upstream o, A in , any 
pathway, and establishes all the appropriate - an-upstream-bioProces^f" relations between any biol roces^s 
B and each bioProcess that is positioned upstream of B in any pathway. 

- the b.omodel-init.alizat.on-proc (Table 104) scans each bioModel .or other con.ained bioModel,. biol rocesse> 
and bioRe.ervo.rs. go.ng down the subworkspace h.erarthv. and establishes the following relates he.weeo 
anv combination of them: bm-con.ained-in between a bioModel and a bioModel. bP™«'^ 3 
bioProcess and a bioModel. and br-con,a.ned-in between a bioReservoir and a bioModel (Table -I- ». Those 
relations are important tor all further pressing, and are used by .he newly de.ined query procedures, 
navigation procedures, and simulation procedures described below. 

. A rule (Table 1 1V) monitors the application at run time, and whenever .he user moves a b.oModel the rule starts 
the biomodel-ws-check-proc. which checks whether the bioModel ha, been moved to a d.Keren. workspace, in 
which case it calls the remove-biomodel-containing-proc (Table 1 1 9). to brake the old relates that no long*- 
applv and calls this biomodel-ini.iali/ation-proc (Table W) to establish the new relations The upstream and 
downstream relation, are also created and broken a, run-t.me tn , «* ot rules (Table 7* and a parallel -el .or 
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bioReservoirs. not shown) that monitor whenever any such chaining relation is newly established or broken, 
and in response to such events they establish or brake other relations, according to similar criteria, which in 
rum mgger the same rules for a chain of other bioReservoirs or bioProcesses. The use those rules makes sure 
that it a modeler or user deletes a bioReservoir or bioProcess that is part of one such chain of relations, then the 
chain is broken between the elements of both sides on the breaking point. Similar sets of rules are used for 
establishing relations whenever new connections between bioReservoirs and bioProcesses are made by the 
modeier. 

• The "Add Querv" button is to be selected only after the "Navig lnit" was been successfully concluded. If 
changes to the database have been made by the modeler since the "Navig lnit" was last concluded, or if the 
application has been restarted, then the "Query lnit" button should be selected. The common purpose of both 
buttons is to organize knowledge about the structure of all the bioEntitieS in the application, and to create a set 
of structures to hold that knowledge, to be used any time that the user request a predefined query that involves 
that kind of knowledge. Selecting the "Add Query" button calls the add-query-callback (Table 105), which in 
tum calls the two procedures that follow. Selecting the "Query lnit" button calls the query-init-callback (Table 
KVi). which in turn calls the navig-init-proc (Table 99) and the two procedures that foDow: 

- theet-initialization-proc (Table 107) scans the loaded application for every copy of each named 
complex-bioEntity, and then assigns a value to the "id" attribute of each such copy that is equal to the name of 
such bioEntity complex-bioEntity ended by the copy number. Copies are numbered consecutively, in the order 
found, with the original being -0. 

- the init-query-tables-proc (Table 108) activates the subworkspace of the Query-Arrays-Bin and deletes any old 
array upon it, and also deletes any old list upon the Query-Lists-Bin, and then call the following pnxredures: 

- the find-bioentitv-definitions-proc (Table 109) scans the Bioentities-Defs-Bin. which contains all the object 
definitions of all the subclasses of the class bioEntiry, and for each of those subclasses it calls the 
create-query-arrav-proc (Table 110) which creates a query-array, sets its "major-class" attribute equal to the 
name of the superior-class of such subclass, sets its "ref-component-class" attribute equal to the name of such 
subclass, and sets its "name" attribute equal to the name of such subclass followed by the ending -query-array, 
and transfers such query-array to the Query- Arrays-Bin at a location specific for each superior-class; . . 

* thecreate-query-lists-proc (Table 111) creates a query-list to correspond to each query-array in the 
Query-Arrays-Bin, and transfers the list to the corresponding location upon the Query-Lists-Bin, sets its -. 
"ref-arrav" attribute equal to the name of such array, and sets its "rei-component-class" attribute equal to the 
"ref-component-class" attribute of such array; 

+ then, for each of those lists and for each bioEntity of the subclass named by the "ref-component-class" of such 
list, it calls the find-named-bioenrities-with-component-proc (TablellZ) which in turn, if such bioEntiry has a 
name it directlv calls for such bioEntity the procedure that follows, otherwise it calls first the 
find-named-bioentity-proc (Table 113) to scan the hierarchy of bioEntities superior to such bioEntiry, until one 
is found with a name, in which case, it now calls for the named bioEntity the procedure that follows; . 

- the seek-bioentitv-copies-proc (Table 114), inserts the argument bioEntity in such list, and then scans the 
application foranv copv of such bioEntiry, and if any is found then it loops back for such bioEnnty by calling 
the find-named-bioentiries-with-component-proc (Table 112) mentioned above, which will repeat the cycle back 
to this procedure, as described, until the various loops for each bioEntity of every list are completed. 

- When this process is completed, the list for each bioEntiry subclass contains, with no duplicated elements, all 
the named bioEntities that contain one such bioEntity. either directly or by reference. To give an example, that 
means that if a named pnitein instance-A contains a protein-motif instance-B, then ev ery named protein 
complex-instance-C that contains an unnamed copy of instance-A (which does not itself contain a copy of 
instance-B, but rather points to its master-bioEnriry, instance-A. which contains instance-B) will also be 
included in the list of all bioEntities that contain a protein-motif . After all such lists are completed, it calls the 
following procedures; 

- the complete-querv-table-proc (Table 115) simply transfer the valuesof the elements from each of those lists to 
their correspond ingarravs. by fist setting the length of the array to match the the length of the list, and then 
setnng the text of the initial-values attribute of each array to equal a text string that mentions all elements of the 
list separated bv commas, as illustrated in the example-listed in Table 116, which shows a pair of corresponding 
instances of a query-list and a query-array of the subclass sup-et-array, which list named instances of 
bioEntities that contain an a -helix-mot if. which in this small demo application consists only of a few 
master-structures from the library. In the table of attributes listed, the initial-values attributes is displayed, and 
the list of elements of either the list or the array can be displayed by selecnng the "describe" option of their 
nwius. 

- thecreate-auxiliary-querv-arrays-proc iTable 117) adds a few empty arrays corresponding to the no-selection 
options of each querv panel, which are stmpiy programming aia» 
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■ ma to conclude it deactiva.es and activates aeain the subworkspace of the Query- Arrays-Bin tor the purpose 
ar inirializine the query-arrays upon activation, which means that the elements of the array take the values 
given by the set initial values. 

• The "Icons Inil" button calls the init-icons-callback (Table 116). which function is not essential for the 
functioning of this system, but which provides a very useful cosmetic function, by realigning the tracers in the 
subworkspaces of b'ioReservoirs and bioProcesses and making their connections invisible. Election of thi=. 
button is not necessary even* time the application is started, and it can be selected any rime thereafter, when 
problems are detected, in any mode other than Simulation Mode (where those subworkspaces may be 
deacnvated). The same effect is achieved for individual bioReservoirs or bioProcesses by slightly moving and 
repositioning their bioPool or bioEngine. respectively, which triggers their respective icon-movement rules. a 5 
defined in Table 79. which also apply to repositioning the bioKole-posts any rime a bioReactant or btoProduct 
is moved 

• Selecting the "Inil AM" button calls all-init-callback (Table 118b), which in rum calls the all the initial.zation 
procedures mentioned above, and selecting the "Hide" button calls the htde-workspace-callback. which hides 
this Panel. 

c) Navigation 

. In this invention, navigation refer to the domain-specific tasks of displaying and hiding either related bioOhiect> 
or their subworkspaces The concept of related object include various types of associations, including some that 
are permanently stored in the knowledge base, as defined by either graphic or distant connections, or 
containment in subworkspaces at any level in the hierarchy, and some that are transient such as relations, 
which are established and may be broken at run-time (note that in the system of this invention it is also possible 
to »tore run-time versions or snap-shots of the application, which also include transient objects, such as 
relation:-!. Navigation tasks may may be performed in any mt>de. but Navigation Mode has that name because 
the behavior of certain object classes, including the classes bioReservoir. bioProcess, and complex-bioEntity. is 
restricted to do just that. This means that a navigation task is automancally performed upon clicking on the 
instances of anv such classes, instead of displaying a menu with various other options as well, and therefore all 
those other tasks offered by the other options are not available in this mode. Therefore, a user in Modeler or 
General Mode may want to quickly switch to Navigation Mode when intending to do just that, because it is 
much faster, for example when exploring and navigating thniugh the pathw ay s, and then switch back to the 
other mode to perform other tasks. Navigation tasks are usually simplified, in the following discussion and 
elsewhere in this filing, bv expressions like "selection of A starts proc-D which displays C", but in reality these 
processes do more than that in this invention . selection of A invokes proc-B which takes as arguments A (the 
item) and the current window, and causes C to be either displayed or hidden on the current window, depending 
on the value of the "toggle-state" attribute of A. and in addition, the icon appearance of A is configured. 
Pitching between its pressed or depressed contiguration. respectively, and the value of the "ti>ggle-state" 
attribute or A is alternated between on and off. In such cases. A may be either a button or any oi the bioObjects 
that has a subworkspace. which in this regard behave similari) 
. RC 3D will be described to summarize some of those navigation tasks when in Navigation Mode, while also 
referring to the definitions of the methods involved listed in the Appendix. Note that any naviga.ion task thai 
d.rectlv performed in this mode, may be performed in any other mode as well, but depending on the previou-ls 
defined class restrictions for each mi>de. they may have to be selected from the menu instead, requiring two >tep- 
rather than one. Selecting any bioProcess in Navigation Mode implies selecting its • details" option which 
itarts the detail s-bp-proc (Table 120) which displays its subworkspace. in the same way that electing any 
bioReservoir implies selectmp its "details- opnon which starts .he details-br-proc (Table 121 ). resulting in the 
subworkspace of the bioReservoir being displayed or hidden, depending on whether the value of the 
• toggle-state" of the bioReserv oir is hide or show, respectively With both procedures, the icon* ol the tracer- 
on the corresponding subworkspace are restored to their default relative positions before such »uhwork»pjce 
is displayed. 

. Note that when selecting the details" option of anv bioProcess that has a master-b.oproce^ but has no 

subworkspace. cond.t.ons which when combined are characteristic of a copy bioProcess used .n the creation or 
Pathway*, causes such first procedure to call the bp-master-details-proc (Table 120) which in this case ai*p«V- 
or hides the subworkspace of the original (master! bioPmcess. w addition to configuring the icons ol both the 
ong.nal and thecopv bioProcess to their pressed or depressed appearance, respect.v ely. In a s.m.lar w.iy. when 
selecting the "detail" option of anv bioReservoir that has a masier-b.oReservoir but has no subworkspace.^ 
characteristic of a copv bioReservoir. causes the first procedure to call the br-master-details-proc (Table 121. 
which in this case displavs or hide- the subworkspace of the ordinal bioReservoir. in addition to contmunn- 
the .cons of both the original and the copy bioReservoirs to their pressed or depressed appearance, respectively 
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• BioEnirines do not have subworkspaces by default, by the modeler can create one, as described, to store tabular 
runcnons. In such cases, a "show-sw" option is available, and selecting such bioEngines in Navigation Mode 
implies "show-sw", which starts the show-bioengine-sw-proc which displays or hides its subworkspace tnot 
shown) and toggles the configuration of its icon. 

• The behavior of complex-bioEntities in Navigation Mode is similar, as shown in FIC.18, where selecting any 
bioEntity (1808, 1S13, 1815, 1817, 1819, or 1821) implies selecting the "details" option which starts the 
et-details-proc (Table 122) which displays or hides its subworkspace (1809, 1810. 1816, 1818. 1820, or 1822, 
respectively) and toggles the configuration of its icon. The combination of this option with the 
go-to-sup-obj-button (1825) upon each subworkspace allows to navigate up and down in their workspace 
hierarchies. 

• Selecting any bioProduct-post (711) or any bioReactant-post (703), in General. Navigation, or Simulation 
Modes, implies selecting its "show-br" option which starts the rolepost-show-br-proc (Table 123) which 
displavs the subworkspace (714 or 705) of the bioReservoir named by their "ref-bioreservuir" attribute. 
Similarly, selecting any bioPool-r-post (704) or any bioPool-p-post (712) implies selecting its "show-bp" option 
which starts the poolpost-show-bp-proc (Table 124) which displays the subworkspace (402) of the bioProcess 
named by its "ref-bioprocess" attribute. This option is only available in the menu when the bioPool-post has a 
name. Selecting the go-to-sup-obj-button (with triangle) on the subworkspaces of each bioObject displays its 
superior object, while selecting the hide-sup-ws-button (with cross) hides its workspace . The combination of 
those capabilities allow to follow all the distant connections through the pathways of bioReservoirs and 
bioProcesses, and also up and down in their workspace hierarchies. 

• Selecting any model-box (511, 516, or 517) in General, Navigation, and Simulation Modes, implies selecring'its 
"show-sw" option, available only it the model-box, which starts the show-model-box -sw-proc which displays 
or hides its subworkspace and toggles the configuration of its icon. This option is used to access the 
model-block upon that subworkspace. 

• Other important navigation task performed through the menu in any mode, include the "bioentity" option (Table 
125) appears in the menus of bioReservoirs, bioReactants and bioProducts only when the "ref-bioenrtty". 
attribute of the bioReservoir has a value different from the default value of none, and upon selection of this 
option bv the user, or hides, depending on whether the initial value of the toggle-state attribute of die ■ 
bioReservoir is hide or show, respectively, the subworkspace of the bioEntity named by said ref-bioenrity 
attribute. Note that the "ref-bioentity" attribute is defined only for the class bioReservoir, for storage economy, 
and the menu options of bioReactants and bioProducts refer to that attribute when connected. However. this 
attribute can be defined for those other classes as well, allowing access to a bioEntity independently of a 
bioReservoir. 

di Structure Related Queries 

• There are two major groups of Queries: a General-Query is based only on structure and is application wide, 
while a BR-Querv is in reference to the bioReservoir from which it was initiated, to be described below m more 
detail. The Query Panels are built hierarchically, with each radiivbutton from the first Selection Panel leading 
to another more specific Querv Panel, where now the user can compose a selection and then initiate the Query 
Note that the word Panel is frequently used in a more general sense to refer to the subworkspace of an instance 
of the class query-panel. 

• A General-Query may be requested by selecting from the "Panels" menu head the "Structure Queries" option 
which calls the create-general-structure-selection-panel-callback (Table 127), which in rum clones the 
Master-Ceneral-Strucrure-Query-Panel, stores it in the Temporary-Panel-Bin. configures its radio-box with the 
aid of the set-radio-box-id-proc (Table 128) and displays its subworkspace. The user may now use such Panel 
to select anv radio-button from its radio-box, which calls the select-general-structure-selection-panel-callback 
(Table 129) with such button as one of its arguments, which in rum: a) gets the value of the radio-button 
selected, and depending on the value of the "on-value" attribute of such burton, clones the corresponding 
master-panel, then calls the create-general-query-pancl-pnic (Table 130) with such value and the new panel 
among its arguments, which in rum completes such panel by scanning the panel for the presence of specifically 
labeled radio-boxes (related sets of radio-buttons) and configuring the radio-boxes with the 
>ei-radio-box-id-proc (Table 128), and b) displays the subworkspace of the new panel. 

• The user mav now use that Query Panel to select any combination of one radio-button per radio-box and then 
selecting the "Query" button calls the query-general-structure-callback (Table 131). which in turn calls first the 
query-general-structure-pnx (Table 1321, which scans such panel tor the presence of specifically labeled 
radio-boxes and then calls find-specific-array-pmc (Table 133). with such label as one of its arguments, to rind 
the value of the selected radio-button and the matching array within the Query-Arrays-Bin (thoje arrays are 
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created during the Querv Initialization process, as described in the Initialization section above). An auxiliary 
scroll-texi-list is created and. if only one radio-box is present in the Query Panel, then ihe elements of the 
corresponding arrav are transferred to such list. It two radio-boxes are present in the Query Panel, then two 
such arravs should be found, in which case the meiye-two-structure-lists-proc (Table 134) is called, which 
scans those arravs to find the common elements, which are transferred to such scroll-text-list. An specific 
text-string is developed to include ref erences to the selected options and to the outcome of the search, which i- 
then given as a value to a free-text structure which is displayed as a heading for the results of the search. The 
callback calls then the create-general-query-output-panel-proc (Table 135) with such scroll-text-list and 
free-text among its arguments, which creates an output panel by cloning (he 
Master-Molecular-Query-Output-Panel. then creates a scroll-area to display the elements of such 
scroll-text-list, and transfers to the subworkspace of such output panel both the free-text and the scroll-area 
lifting the results of the search, which is them displayed. The user can now use such scroll-area to interactively 
jisplav or hide the structure of any number of bioEntmes named by the options listed, as described below. 

e) Pathway Related Queries 

• FICJO illustrates an example of one of the several types of predefined Pathway Related Queries that the user 
can perform bv just selecting the desired buttons from the options offered in the panels. All the searches 
generated from this type of panels include bioReservoirs located an where within the pathways that are either 
upstream or downstream, depending on the selection, of such initial bioReservoir. and also the bioEntities 
referred to bv anv of those bioReservoirs. Those upstream or downstream queries can be further restricted by 
the type of roles that those bioReservoirs play in different bioProcesses. as defined by the major classes ot 
bioReactants to which their bioPcxils are distantly connected, which is referred here as function-related search 
In complex queries of mixed type. such bioEntities can be further restricted to those containing any particular 
component, similar to the Structure Related Queries described above. In such cases, the methods pertinent to the 
pathway search are applied first to generate the pathway-related set, followed by the function search, which is 
applied oniv to the pathway-related set and generates the function-related set, and finally the structure search, 
which is applied onlv to the function-related set, or to the pathway-related set if no function search has been 
selected, and generates the structure-related set. The structure search applies only to the bioEntities for the 
purpose of displaying the results, in the sense that all bioReservoirs that meet the selected pathway, and 
optionallv function, requirements are listed in the scroll-area listing the bioReservoirs, regardless of whether 
thev meet anv of the bioEntity related criteria. This implementation is currently preferred because the 
"ref-bioentitv" of a bioReservoir is an optional attribute, and it is expected that many of the bioReservoirs will 
not have a corresponding defined bioEntity. This alternative provides a more complete search in terms of 
relative position and function of bioReservoirs. without being influenced by the implementation of anopruu.. 

• These tvpes of Querv may be requested in two different ways: a) from a bioReservoir (3001) by selecting \nin\ 
its menu (3002) the "query panels" option (3003); or b) from the subworkspace a bioReservoir by selecting the 
query-tracer (1325) connected to the btoPool. A query -tracer is a subclass of list-tracer (Table 3d) which 
selection implies selecting the tracer s "show " opnon. Each of those options starts the 
creaie-br-related-selection-panel-callback (Table 138). which creates a clone of 

Master-BR-Molecular-Query-Panel. configures it. and displays its subworkspace (30041, Ihe Pathway Query 
Selection Panel Configuring this panel and any other panel that follows during the processing of br-related 
queries alwavs includes to set the value of the "related -item" attribute of the panel equal to the name of the 
bioReservoir from which the query was initiated, and this name is passed along when a new panel t- originated 
from such panel. That is, any callback invoked f mm a button of a panel, takes the name of the bioReservoir from 
the "related-item" of the panel upon which subworkspace it is located, and passes that name as an argument 
when calling other procedures 

• The user may now use that Pathway Query Selection Panel to select any radio-burton (3005) from its radio-box. 
which calls the select-br-related-query-panel-callback (Table 139) with such button as one of its arguments, 
which in rum: a) gets the value of the radio-button selected, and depending on the value of the on-value" 
attribute of such button, clones the corresponding master-panel, then calls the set-br-retated*query-panel-pn>c 
(Table 140) with such value and the new panel among its arguments, which in turn configures and complete- 
such panel with the set-radio-box-id-proc (Table 128). and displays the subworkspace (300b) of the new panel, 
a Pathwav Query Panel. This panel is composed of: a) the title (3022) which specifies the type of search beinc 
made from that panel and names the bioReservoir (3023) that is the point of reference for the search, hi the set or 
radio-buttons (3024) of the radio-box labeled "direction", defining the two possible alternatives; c) the set in 
radio-buttons (3025) of the radio-box labeled "function", which defines the possible alternatives available for 
runction. which in this case we only show a small but important sub-et that is of high relevance to scientist, d) 
the set ot radio-buttons (30261 ot the radio-box labeled "moms", which defines the possible alternatives 
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jvaiiable for subclasses of protein-motif. Many other possible sets of radio-buttons, such as those of the 
:acuo-box labeled "location", which defines the possible alternatives available for subcellular compartments, 
are not shown. 

• The user may now use that Pathway Query Panel to select any combination of one radio-button per radio-box. 
Selecting the "Upstream" option (3007) calls the upstream-query-lists-callback which in turn calls the 
upstrearn-funcrion-query-lists-proc. Selecting the "Downstream " option calls the 

downstream-query-lists-callback (Table HI) and then the downstrcam-function-query-lists-proc (Table 142), 
which do the following: a) it first calls repeatedly the create-br-query-list-proc (Table 1 43) to create a set of 
two lists per each predefined type of function, one to contain names of bioReservoirs and the other the names of 
bioEnrities; b) then, it loops over all bioReservoirs that are upstream (or downstream) and scans for their 
connections to certain classes of bioReactants, which define their function, and enters their name in the 
corresponding one of those bioReservoirs lists, for example, if the bioPool of a bioReservoir is connected to both . 
a kinase.r and a transcription-factor.r, then the name of such bioReservoir will be added to each of the two 
corresponding lists, so that a bioReservoir may be named in more than one function list, but is not duplicated 
within one single list; and c) for each pair of one of those bioReservoirs lists and its corresponding bioEnrities 
list, n calls the fill-br.et-list-proc (Table 144) which scans all the bioReservoirs in the fist list for the value of 
their "ref-bk>ennty" attribute, which if available is added to the second list. All those lists, to be used by the 
procedures described below, are associated by a relation to the panel from which they are created, are valid 
only for the bioReservoir giving the related-item of that panel, and are deleted when the panel is deleted. 

• The user can now select any combination of one radio-button per radio-box, such as receptors (3008) and 
t>-strand-motif (3009), and then select the "Query" button (3010) to complete the processing and display the 
results of the query. The processing from the "direction" button is independent and previous to the processing 
from the "Query" button, and if the user selects the "Query" button before the "direction" button, then 
processing cannot ocurre, because the lists do not exist, and an error message is displayed to the user to that 
effect. Selecting the "Query" button calls the query-br-related-callback (Table 145), which first obtains the 
values of the selected radio-buttons of the "direction" (3024) and "function" (3025) radio-boxes, and then calls 
the get-br-function-list-proc (Table 146) with those values among its arguments, which uses those values to 
obtain and return the corresponding set of two lists from the bioReservoirs lists and bioEnrities lists created 
and filled in the previous processing, as discussed above. Such bioReservoirs list is going to be used to directly 
pass its values to the bioReservoirs scroll-area for final display, while such bioEntities list is going to be used 
as the basis for the complex further processing that follows. 

• The callback scans now the Panel to find whether there are structure related radio-boxes, such as the 
"domains" radio-box in this example, in which case it calls the query-br-structure-lists-proc (Table 147) with 
those previous values and the bioEnrities list among its arguments, which does a complex processing as 
following: a) it finds the label of such structure related radio-box(es) and calls nndrspecifk-array-proc (Table 
133) to find the value of the selected radio-button for such box(es), such as ts-strand-motif (3309), and its 
matching array(s) in the Query-Arrays-Bin (as described above in the Structure Related Queries section); b) if 
there is only one structure related radio-box, like in FIC.30, then it calls merge-br-function-structure-proc 
(Table 14S), or if there are two structure related radio-boxes it calls merge-br-function-structure-structure-proc 
(Table 1 49), passing among its arguments the values of all selected radio-buttons, as well as the corresponding 
bioEntities list filled earlier, and the array(s) now found. These procedures create a new list, the bioEntities 
scroll-iexi-list, and then, taking into consideration the type and value of the arguments: a) they select a text 
specific for each situation, to be displayed as a title for the results, b) they call the br-fill-etl-list-proc (Table 
150) or the the br-fill-double-etl-list-proc (Table 151), which enter the common elements of both the bioEntities 
list and the arrayfs) in the scroll-text-list, and c) they return the text and the scroll-texi-list to the previous 
procedure from which they where invoked, which in rum returns them to the callback. 

• The callback passes such text to a free-text structure, and finally calls the 
create-double-querv-output-panel-proc (Table 152) with the bioReservoirs list mentioned in paragraph f), the 
bioEnrities scroll-text-list, and their two corresponding free-texts among its arguments, which creates an output 
panel bv cloning the Master-Molecular-Query-Output-Panel and stores it in the Temporary-Panel-Bin, then 
transfers the two free-texts to it. creates two scroll-areas to display the elements of each of those lists in a 
scrollable and interactive format, and calls the complete-l>r-panel-proc and cqmplete-br-pnel-prnc (Table 1?2). 
which configure those scroll-areas and transfers them to the subworkspace, which is them displayed (?0]1 ,. 

• The user can now use the Pathway Query Output Panel (3011) so created to scroll through the lists 
bioReservoirs and bioEntities that are the output of the query. Selecting and unselecting any option of such 
rcroll-areas allows to interactively display or hide subworkspace of the named structure by calling tne 
query-message-selection-proc or the query-message-unselection-proc (Table 136). Each of the titles (301 2i are 
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jirecilv related to the scroll-area below them and vary with the results of each part of the search, and they may 
.mm naming those groups ot buttons where not selection was made, or indicate that some search or pan ot the 
search was emptv. Vhe scroll-area (3013) on the top shows the bioReservoirs that meet the direcnon and 
tuncnon requirements, which are those named by the opnons listed, and selecting any of its options (301 4) 
displays the subworkspace (3015) of the named bioReservoir. The scroll-area (3017) on the bottom shows the 
bioEntities that meet the combination of direction, function and structure requirements, as selected, which are 
those named by the options listed, and selecting any option (3018) displays the subworkspace (3019) of the 
named bioEntity. Those structures displayed can be used to navigate in any way previously described, 
including up and down the pathways from bioReservoirs (3015) to bioProcesses (3016) and so on, from 
bioReservoirs or bioReactants or bioProducts to their bioEntities as shown in FIC.30. or up and down the 
workspace hierarchies (3020. 3021), by combining the vanety of tools and methods previously described. A ? 
before, all the Pathway Query Selection Panels, Pathway Query Panels and Pathway Query Output Panels are 
dynamically created and transient, and when the search is completed they are no longer needed and they are 
deleted, as well as their associated lists, by selecting the "Delete" button (3309), which calls the 
dele te-q uery-panel-ca 1 Ibac k . 
> More complex queries can be performed with an additional Master-BR-Molecular-Query-Panel with four 
additional options, to include queries previously described in combination with an additional constraint 
criteria, the location of the bioReservoirs selected by the previous criteria within the different ceil 
compartments. Selection of any of those new options displays the corresponding Query Panel, and in this new 
<*t of Panels, the "Downstream" and "Upstream" radio buttons are associated instead with the 
downstream-function-location-callback (Table 153) and upstream-tunctton-location<allback. respectively, 
which call the cUwnstream-locanon-query-lists-proc (Table 1541 or .ts upstream equivalent. Those pnKecure> 
m turn call some of the procedures previously described and also oil the find-corn pa rtment-proc ( Table lSri. 
The u!.er mav addirionally select any combination of one radio-button each from the radio-boxes offered in each 
particular panel, and then selecting the "Query" button now calls the query-br-related-Uxation-callback 
(Table 156). which in turn, depending on the boxes av ailable on the particular Panel, calls one of an alternative 
set of procedures, which in turn call other procedures, as specified. The reader is further referred to the listing 
in Tables 157 thmugh 169 for the details of such complex processing that is difficult to describe, and which 
uses a similar approach and methods as those previous described to create a new set of lists and to merge lists 
with bioReservoirs meeting the different cnterta. ^ 
. The underlaying shell loads the desired application modules on memory for run time operations, but it is able to 
merge and remove modules while the system is running. Since the inference engine s reasoning and search space 
is limited to those modules that are loaded, it is necessary to create a mechanism to allow for searches in 
modules that are not vet loaded on memory. This is accomplished by maintaining in the repository module an 
obiect. called the querv-arrays-bin. which holds in its subworkspace a set of item-arrays for intelligent dynamic: 
meting and removal of the modules required at particular rimes, particularly when searching thmugh the 
hioEnttty-module and In order to allow for searches in a modularized application Those contamed-in-moduie 
arravs are built following similar methods as those described here tor bioModels. The difference is that a new 
ot relation is defined! of the series -contained-in-module. and an mitialization procedure that loops over jII 
the workspaces oi each loaded module, finding out the value ot their jssigned-module. and then looping over jll 
the bioModel Libraries upon each workspace, and over all the hioModel* upon each b.oModel Library, ana 
the continuing with the methods described in the prev ious secnon 
r") Interactive Lists and Pathways 

. In addition to the various query methods previously described, this invention provides several other t.K.K and 
methods to enable the u*r to extract the knowledge build entered into the system by the modeler, m addition t. • 
the new knowledge created by applying the methods of this invention to analyse and integrate the knowledue 
provided by the modeler. 

• One of those capabilities is provided by mean, of the "list copied menu option (625) defined for the cla>- 
complex-hioEnnty. which upon selection calls the et-list-copies-callback (Table 170). which creates a 
>croll-text-lisi and then calls the list-locai-bioentities-copies-proc (Table 171), which in turn scans all the 
bioEntities of the same major subclass as the one bioEntity from which the request originated to find if the 
master-fcioenntvof anv of then matches the name oi such bioEntitv. .n which case the value of the "id" attribute 
of each of those copie> is added to the list. If there » any element m that list, then the callback creates an Output 
Panel by cloning the Master-Local-Bioentity-Copy-Panel. create^ a specific title and a scroll-area, which are 
then added to the Panel and configured, and finally the Panel is displayed. This Panel looks like the Query 
Output Panel (30111 discussed above, with a different title. Select.m; and un>etecting any option ot such 
Mrroll-area call et-copie-message-wlection-proc or the et<opies-me>sage-unselection-proc (Table 172) whicn 
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interacnvely display or hide the subworkspace of the structure* referred to by their "id", rather than by name. 
This alio provides an example of how, in general, instances of bioEntities as well as bioReservoirs, 
bioProcesses and bioModels, or any other structure, can be referred to by the value of any attribute, rather than 
by their names, which have to be unique and sometimes inconvenient, but they can be avoided. Referring to 
attributes, defined for such or any other purpose, also allows to refer to groups of instances within a class, 
without having to refer to each individual member of the group. 

• Another novel teaching of this invention is the capability of creating lists of downstream and upstream 
bioReservoirs and bioProcesses. By selecting the icon of any of those lists, the user can display on a workspace 
the elements of that list, which are pointers to all the bioReservoirs or bioProcesses that meet the criteria set for 
each specific list, and each pointer further allows to either display the table of attributes of such object, or 
displays the object itself upon its workspace, as described in more detail later (FTC 34). Naviganon can be now 
initiated from those objects as well as any other tasks described in this invention. This capability is accessible 
through the "show lists" options from the menus of bioReservoirs (3023) and bioProcesses (3103), which 
appear in the menus only when they are named and their subworkspaces are activated, as well as from the 
list-tracers in their subworkspaces. as described beiow . 

• As illustrated in FICs. 30 and 31. chaining-tracers (Table 30) are iconic programmed objects connected (3030) to 
a bioPool, or to a bioEngine (3105), where they are used to control the dynamic creation and display at run-time 
of a set of such lists of either bioReservoirs or bioProcesses that are either upstream or downstream of the 
bioReservoir upon xvhich subworkspace such list-tracer is located. The "show" option (Table 31) is defined 
for the class list-tracer and is inherited by all its subclasses, including BR-chaining-tracer and 
DP-chaining-tracer. Selecting any such list-tracer by the user implies "show", which starts the 
list-tracer-handler-proc (Table 31 ), which configures the buttons and depending on the subclass of list-tracer, 
calls either the BR-chaining-proc (Table 173, also started upon selection of the "show lists" option of the 
bioReservoir), or the BP-chaining-proc (Table 174, also started upon selection of the "show lists" option of the 
bioProcess). The major actions performed by both of these procedures comprise: a) if the list-tracer already has 
a subworkspace, then it is displayed with its contents, otherwise a subworkspace for the BR-chaimng-rracer or 
BP-chaining-tracer. respectively, is created by cloning the subworkspace of the prebuilt master structures 
BR-Chaining-Lisrs or BP<Ihaining-Lists, respectively, which in both cases contain two sets of four predefined 
lists each, one set (3107) is meant to be used in any user mode, while the second set (3108) is to be used in 
simulation mode and contain elements from the first set that have been activated as a result of their inclusion in . 
a simulation model (to be described in below), and then such lists are displayed; and b) those lists are populated 
having as point of reference the bioReservoir or bioProcess from which they were requested, by using for each 
list of the set the following criteria: the elements of DBPL and 5DBPL are downstream bioProcesses. the 
elements of UBPL and SUBPL are upstream bioProcesses. the elements of DBRL and SDBRL are downstream 
bioReservoirs, and the elements of UBRL and UDBRL are upstream bioReservoirs. 

• A further novel teaching of this invention is the capability to dynamically generate displays of interactive 
pathways, where these pathways comprise a chain of downstream, or upstream, bioReservoirs or bioProcesses 
or both, orderly arranged in a graphic format with connections drawn between them to indicate those that are 
adjacent. By visually following those connections, the user can follow the pathways that indicate a dependency 
relationship between those bioReservoirs or bioProcesses or both. The capability to display interactive 
downstream pathways is accessible from several different types of structures: a) from an individual bioProcess. 
in which case such bioProcess is the point of reference; b) from a Simulation Panel (to be discussed in 
conjunction with F1C.33). in which case a bioReservoir is the point of reference; and c) from an Expenment 
Panel (to be discussed in conjunction with FTC.35), in which case one or more bioReservoirs are the points of 
reference. 

• As illustrated in FIC.31, now we will refer to accessing such capability from an individual bioProces-;. or from 
icons in its subworkspace that have such specific functions, to display either upstream or downstream 
pathways, and in either case the bioProcess is the point of reference. L'p-path-tracer and down-path-tracer are 
iconic objects (Table 28) located upon the subworkspace of a bioProcess (31 10 and 31 1 7), where they are used 
to control the dyna mic creation at run-time of a graphic display of such interacnve upstream or downstream 
pathway, respectively, from the bioProcess from which it was requested. The "show" option starts the 
path-tracer-handler-proc (Table 2V). which depending on the subclass of path-tracer calls either the 
draw-up-pathway-proc (Table 175. also started from the "up pathway" option (3109 from the bioProcess) or 
the draw-down-partuvay-proc (similar to the one above but downwards, also started from the "down 
pathway " option (31 16) of the bioProcess. The major actions performed by each of these procedures comprise 
ji it creates a subworkspace here called a Upstream Pathway Display for the up-path-tracer (31 10) by cloning 
the subworkspace oi Master-Up-Pathway. which contains a set ot prebuilt auxiliary structures The text ot 
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:he title f3111) is changed to refer to such bioProcess. The x-pos and y-pos (3112) are two integer-parameters 
Table 3) used to keep track of the most distant bioProcess added to the Display and which, i) are used by the 
program to compute the position of the next bioProcess to be added, after which their values are updated, ii) are 
used by the program to be compared to defined threshold values that, when reached as the display dynamically 
grows.' trigger a reduction in the size of the display, and iii) may be used also by the user to read the si/e of the 
Display, which mav in occasion get very large, by observing their value as displayed in digital form. The set of 
resize buttons (31 13) allow the user to resize the Display at will, offering the options of full, three-quarter, 
half, and one-quarter scale. 

b) it creates a copv of such bioProcess. by cloning it and deleting its workspace, and then transfers the copy to 
the Pathway Display at a specified position (31 HI. and displays the Pathway Display on the window from 
which it was invoked: and 

c) it calls the create-local-up-bp-pruc (Table 17A) with such original bioProcess and its copy among its 
arguments, which in turn for each bioReservoir that is an-up-bioReservoir-of the original bioProcess finds each 
up bioProcess that is an-up-bioProcess-of such bioReservoir and then for each such up bioProcess: i) if a copy 
of such up bioProcess alreadv exists upon the Display then it proceeds to iv. otherwise it creates a copy of such 
up (or down) hioPnxress. by cloning it and deleting its workspace, ii) it computes a new value for x-pos and 
y-pos, iii) it transfers the copy to the Pathway Display at the new specified position (3615). iv) it creates a 
connection between random locations at the icon of such new (or existing) copy and the icon of the copy that is 
an argument of this invocation of the procedure, and v) it calls itself (Table 176), but now with such up 
bioProcess and its copv among its arguments. Each of these procedures keeps looping and calling itself until all 
upstream hioProcesses have been processed, and their copies added to the Display and connected. The 
jii-up-bioReservoir-of and a-down-bioProcess-of, as well as the a-down-bioReservoir-of and 
an-up-biorrocess-of. are inverse relations, as previously defined (Table 7>), which were established during 
initialization (Table 100) between appropriate pairs of a bioReservoir and a bioProcess each. A similar set of 
procedures is used to display the downstream pathways from the dow n-path-tracer. 

• F1C.31 illustrates short examples of Upstream Pathway Display (3110) and Downstream Pathway Display 
(3118). The connections are directional, with the directions of the connections above the hioProcesses . 
indicating the direction of material flows, that is from the one that is upstream to the one that is downstream in 
relation to each other. The directions of the connections below the hioProcesses always show the right to left 
direction as a result of the next copy being one that already existed in the display, such as those connections 
that revert to 311° from other posterior copies. Those pathways are interactive, and selecting the "details" 
option (Table 120) of anv of the icons, or changing to Navigation Mode and selecting the icons (3119. 3121), 
displavs the subworkspaces (3120. 3122) of the originals of those copies, which allow further access to any of 
the navigation (3123) and all other capabilities associated with their iconic components, as described 
throughout the description of this invention, and allowing further access to possibly distant parts of the 
application. 

. Pathwavs with onlv bioReservoir* (not shown), or pathways with alternating bioReservoirs and bioProce-*- 
(not shown) can be created with similar methods, ustng only minor modificanons. In this invention the 
pathways with hioProcesses are preferred because the provide the mo<i mformation about the interactions 
within the space constrains, while the connected bioReservoirs can he accessed by just clicking on two icon* 
Mixed pathways may become very large. 

») Navigation Panel 

. An interlace and methods are provided to constraint all the capabilities provided in regard to navigation and 
displav of pathwavs, to limit the scope of the search to an space selected by the user based on the different 
leveN of compartmentali/ation. This feature can be accessed through a) a Navigation Panel, which can be 
requested from each bioReservoir and is dynamically created with the bioReservoir as the reference point: or hi 
an Experiment Panel. The Navigation Panel is to be used in General Mode, and is not available in Simulation 
Mode. »ince the methods do not activate the subworkspaces of the selected structures, as do tho,e aviated 
with the Simulation Mode, described below. 

- A* shown in F1C.32. selecting the -navig-panel " option (3203) from a bioReservoir (3201 ) calls the 
create-d.rection-panel<allback (Table 177) which displays a Selection Panel (3204). Selecnng now the 
Upstream radio button calls the select-direction-callback (Table 178). which in th.s case turther calls the 
create-upstream-navig-panel<allback (similar to Table 17V). which calls the navig-create-upstream-list>-proc 
(similar to Table 180). which creates two lists with all of its upstream bioReservoirs and biolWs«e>. and th«r 
complete-navig-panel-callback (Table 1W.). which creates a Navigation 1'anel (320?) containing a scroll-area 
1 3202) already configured to list all the possible levels of bioModeU. the compartments within the Virtual 
NUxiel. .n which such bioReservoir or all ot its upstream biol'roce,^ are contained. The user now has to 
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*iect the desired scope of the search space by selecting one of those bioModels. By selecting tor example in this 
»ase the cvtosol of the Co phase of a fibroblast (3202) and then selecting the LIST button (3207) calls the 
list-navigation-UBP-callback (similar to Table 181), which creates new lists and calls the 
navig-read-up-scroll-proc (similar to Table 182) to populate the new lists, displayed on the Panel (3208), with 
the members of the previous upstream lists that are contained in such bioModel (and all its encapsulated 
compartments). Those lists display the number of elements it contains, alerting the user about the potential size 
of the resulting pathwav. and if too large or too small the operation can be reset and a different bioModel, 
lower or higher in the hierarchy, can be selected. Selecting any of those lists (3208) displays (3209) its members, 
and selecting any of those members (3202) allows direct access to the named btoObject (3210) on its original 
bioModel (3211), and displaying its details (3212) allows to further interactively navigate through the 
upstream or downstream pathways of such particular bioObjeci. 

• The user can now select the PATHWAY button (3213), which calls the navig-draw-UBP-callback (similar to 
Table 183), which calls the navig-create-local-UBP-callback (similar to Table 184) to create a 
navig-path-tracer, by cloning a master structure which subworkspace is partially built, which is transferred to 
the Panel (321 4) and its subworkspace is displayed and further configured by calling the 
navig-create-local-UBP-callback (similar to Table 184), which actions are similar to those previously discussed 
in reference to F1C.31, resulting in the display of the selected pathway (3215). By selecting any of those 
bioProcesses (3216) and displaying its details (3217) allows to further interactively navigate through the 
upstream or downstream pathways of such particular bioProcess. Selecting the RESET button calls the 
reset-navigation-callback (Table 187) which destroys the lists and the navig-path-tracer upon the Panel, 
enabling the selection of a different bioModel and repeat the process, and selecting the DELETE burton deletes 
or recycles the Panei. 

A. Simulation Mode: Simulating the Virtual Models 

j) Initialization 

• The Simulation Mode can be restricted to any desired set of individual users, by packaging the application 
accordingly. The domain-menu comprise the heads: "Pathway Libraries" and " Panels", and allows also 
changing between user modes. Before a simulation can be run, the application must be appropriately initialized 
for such purpose. This is accomplished by accessing the "Panels" menu and selecting the "Initialization Panel" 
option, which displays the Initialization Panel. 

• Initialization is necessatv only if the application has been started or reset, or if additions or changes have been 
made in the part of the application to be simulated since the last Initialization. The "Add Simul" button is to be 
selected onlv after the "Navig Init" was been successfully concluded. If changes to the database have been made 
by the modeler since the "Navig lnit" was last concluded, or if the application has been restarted, then the 
"Simul Init" button should be selected, since it comprises the methods of the other two. The common purpose of 
both buttons is to scan the application for the availability of certain values of the bioReservoirs that define the 
initial conditions required by the simulation, and if those values have not been provided by the modeler, to inter 
those values from other values provided by the modeler, and if none of the alternative source of values are 
available, either default values will be used, including symbolic approximations, or, depending on the attribute 
which value is missing, to send messages to the user to provide any of the alternative values and also to provide 
messages to the to be used any time that the user request a predefined query that involves that kind ot 
knowledge. 

• Selecting the "Add Simul" button calls the add-simul-callback. which in rum calls the simut-init-pn* <Table 
188). while selecting the "Simul lnit" button calls the simul-init-callback (Table 188), which differs in that it 
first calls the navig-init-proc (Table 99), before calling the simul-init-proc (Table 188). which in turn does the 
following: 

a) it calls the send-no-input-messages-proc (Table 188) which scans the loaded application for every 
bioReservoir that has a name but that has no inputs, either in the form of bioProcesses connected to its 
biopool-p-posts. or as input model-blocks connected to its bioPool. and it sends a message to the user tor each of 
those bioReservoirs found with no inputs, as a warning for the user to take appropriated measures if those 
bioReservoirs are to be involved in a simulation. The simulation proceeds also without those values, since 
inputs can also lie pmvided through the Simulation Panel as user inputs, or otherwise the quantity of such 
bioPool will initially be whatever value the modeler has set or the program will set for the basal-quantity 
parameter used, or its default value, and it may or may not be exhausted during the simulation run: 

b) it creates a set of four lists, which are transferred to the Initialization Panel, and which are provided to 
inform the user about the source of the values for the Scaling-Density attribute of each bioPool. by adding the 
name of each bioReservoir to one of those lists, which elements that meet the following criteria: i) the list 
labeled L'NList contains all bioReservoirs which initial-value of the Scaling-Density was provided by the 
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modeler: iil the list labeled ANList contains all bioReservoirs which initial-value or the Scaling-Density was 
set by the program to equal the value, provided by the modeler, or the it-scaling-amount of that biuResenoir; iii) 
the list labeled RNList contains all bioReservoirs which initial-value of the Scaling-Density was set by the 
program to equal the value of the it-scaling-amount of a bioReservoir which name was entered by the modeler in 
the "if-scaling-bioReservoir" attribute of the original bioReservoir; iv) the list labeled DNList contains all 
bioReservoirs which initial-value of the Scaling-Density was was set by the program to equal the default value 
of WOO. To do so. for each bioReservoir it scans the value of its Scaling-Density and if it has a non-default 
value it enters the name of such bioReservoir to the first of those lists, otherwise it calls the 
set-scaling-density-proc (Table 188) which sorts and adds the bioReservoir to one of the other three lists, 
following the criteria mentioned above, after setting the value of the Scaling-Density of its bioPool accordingly. 

• The <*t.scaling-density-proc (Table 190) discussed above is the method used in the current implementation of 
this invention in conjunction with the scaled reasoning used as default. An alternative method for setting the 
values of the scaling-density attribute, to be used when more quantitative information is available for the 
svstem to be modeled, and in which case the modeler may prefer the mixed absolute/ scaled type of reasoning, in 
which case an alternative procedure, the lon K -set-scaling-densit\--proc (Table 189)should be called. This 
alternative method is much more complex but also more specific, and involves the known values of the 
kinenc-parameters of the participating bioReactants for each process. A mixed approach can also be developed 
where if those kinetic-parameters are known then the reasoning of this procedure is applied, and if they are not 
available, then the previous more generic procedure is called. 

• The "Icons Init" button calls the inir-icons-callback (Table 118) which function is not essential for the 
functioning of this system, but which provides a very useful cosmetic function, by realigning the tracers in the 
subworkspaces of bioReservoirs and bioProcesses and making their connections invisible. Selection of this 
button is not necessary every nme the application is started, and it can be selected any time thereafter, when 
pmblems are detected, in any mode other than Simulation Mode (where those subworkspoces may be 
deactivated). The same effect is achieved for individual bioReservoirs or bioProcesses by slightly moving and 
repositioning their bioPool or bioEngine, respectively, which triggers their respective icon-movement rules, as 
defined in Table 81. which also apply to repositioning the bioRole-posts any time a bioReactant or. biolVoduct 
is moved. 

• Selecting the ' Init All" button calls all-init-callback (Table 119). which in turn calls the allthe initialization 
procedures mentioned above, and selecting the "Hide" button calls the hide-workspace<allback, which hides 
this Panei. 

• With the alternative way of simulation where the original bioObjecrs are used, when selecting Simulation Mode 
from another mode starts the version of the change-mode-proc shown in Table 7, which causes the 
subworkspaces of all bioReservoirs and all bioProcesses to be deactivated, and dunng the pmcessing involved 
in activating a submodel for simulation, the subworkspaces of only the bioReservoirs and bioPmcesses selected 
to participate in such simulation will be activated: while when leaving Simulation Mode to another mode 
causes the subworkspaces of all bioReservoirs and all bioProcesses to be activated again The version or the 
change- mode-puK used with the other simulation alternative, where copies of only those bioOhiect, to be u>ed 
are created, does nor contain the lines revenng to activation or activation or subworkspaces. 

b) Simulation Panel and Procedures 

• Because theaoplicanons build with this system can become very large, it is important to have control over 
which parts of the Virtual Model are included in a given simulation. To control performance, two 
implementations are pnwided with this system, each having advantapes over the other depending on the 
hardware facilities available: 

- In the firsr implementation, the constraining of the simulation space is achieved by using activatable 
subworkspaces tor composite bioObjects. such as bioReservoirs. b.oProcesses. and certain time-compartment-, 
and bv having all those structures initialized to a deactivated state When the subworkspace of an object „ 
deactivated, anv structure upon that subworkspace is not seen by the inference engine or the simulator Only 
the subworkspaces of the desired structures at anv given time are activated, and only their contents are 
therefore participating in a given simulation and associated inferences. Methods associated with buttons on the 
entrv-panels used for simulations, and experiments, activate the subworkspaces of bioObjects connected along 
the desired palhwavs and contained within the selected bioModeror compartment, and this activation 
necessary for propagating values along the pathways. Inactivation of those subworkspaces occur upon 
resetnng the selection within those panels. This mechanism is aU> very utile in activating or deactivating enr.re 
branches of a simulation model at run-time. The efficiency of large >ca!e simulation applications i* turther 
improved In- having the initiation or the simulation of different subcomponent* or the high-level bioModel Iv 
driven bv events, when appropriate, or by time intervals. This implementation allows only a single user to run 
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-imuiarions concurrently, since the attribute values of the bioObjects change during the simulation, as well as 
Tie activation state of such subvvorksoaces. For multiple users, multiple processes of the program have to be 
started. 

• A second implementation is based in dynamically cloning those bioReservoirs and bioProcesses. or certain 
time-compartments, required by the simulation, and to use those copies to hold the changing attribute values, 
rather than the originals. In this implementation, the subworkspaces of bioReservoirs and bioProcesses are not 
activatable. remaining always activated. On the other hand, the subworkspaces of certain time-compartments 
are still activatable, are deactivated when created, and their activation is controlled during the simulation, 
operating as in the first implementation. This implementation allows multiple users to run simulations 
concurrently, each on a different X-window, but increases the burden on the system by increasing the required 
RAM to hold the additional transient copies and to run more than one simulation concurrently. Since the 
system of the current invention is modularized, and the modules can be dynamically up-loaded and 
down-loaded, part of this problem can be solved by up-loading the modules) that contain the originals, creating 
the copies for the various simulations on the top module, and removing the modules that are no longer required 
from the memory, before the simulation is started. 

• A simulation can be initiated from any named and connected bioReservoir in the Virtual Model, from the 
bioPool of such bioReservoirs, or from the bioReactants and bioProducts connected to such bioPools. As 
shown in FIG33, selecting the "simul panel" option (3303) from the desired bioReservoir (3301 ), which is only 
available when in Simulation Mode, calls the create-input-type-proc (Table 1 90) which creates one of two 
types of entry-panel by cloning one of the prebuilt master structures and displays the subworkspace (3305), 
called a Simulation Selection Panel, depending on whether the subclass of bioPool involved represents soluble 
or bound bioEntities (Concentrations or Density inputs, respectively). Either Panel (3304) prompts the user to 
select the type of input, and the choices offered are combinations of absolute or scaled values with one-time or 
periodic inputs. Selection of one of the radio-buttons calls the select-input-panel-callback (Table 191), which: 
a) according to the user's selection it calls one of a set of specific procedures, including such called in this 
example, the create-periodic-relative-input-panel-proc (Table 193), which in turn creates and partially 
configures one entry-panel of the specified type by cloning one of the several prebuilt masters, b) it creates two 
lists and then calls the fill-br-downstream-lisrs-proc (Table 194) to search the application for all bioReservoirs 
that are downstream of such reference bioReservoir, as defined by the relations established during the initial 
initialization as described earlier, and fills the DDR list with those bioReservoirs, and then do the same for the 
downstream bioProcesses to be added to the DBP list, and uses those values to configure the scroll-area, as 
discussed above in relation to FIG. 32, and c) it calls complete-input-panel-proc (Table 192) to complete that 
panel and display its subworkspace (3305), called here a Simulation Panel. Each of the entry-panels is related 
to the bioReservoir, or the bioReservoir referred by the bioReactant, from which the request was originated, 
that is, the related-item attribute of the entry-panel newly created is a pointer to such bioReservoir. The 
difference between the one-time or periodic inputs types of Simulation Panel is that the latter has two additional 
entry-boxes to allow the user to enter the time interv al for subsequent entries (3309) and the number of 
subsequent entries (3308) at such intervals of the amount indicated by the entry value (3306) and starnng at the 
indicated time (3307); b) the difference benveen the absolute or scaled inputs types of Simulation Panel is that 
Hie entry value in the former is given in some units standardized throughout the application while the latter is a 
dimension less value: and c) the prebuilt panels contain the overall layout with the common components, while 
other structures specific for each bioReservoir are added dynamically at run nmt, 

• The Simulation Panel can now be used to interactively set-up and start simulations comprising a desired 
bioModel by selecting one from the scroll-area (3312), as described above in relation to F1C.32, to allow 
selection of an adequate size of the model to be simulated. The parameters and optional capabilities used for the 
simulation at run-rime are configured by using an structure upon the Simulation Panel specific for that purpose, 
the model-definition. Its table of attributes (3319) allows the configuration of any desired attributes. The 
"items-belonging-to-this-model" (3320) is set by the program to name the bioModel selected by the user, and the 
variables and parameters that form part of the simulation model are all those encapsulated in any of the 
bioReservoirs and bioPmcesses in the pathway contained in the workspace named by such attribute. This i? 
imponant when dealing with very large systems, allowing to focus the computer resources on the subsystems of 
interest. Further attributes are used to set the rime interval between simulation cycles, the type of integration 
algorithm desired for the state variables (3321); the configuration for any external simulator that can also be 
used to receive or provide values of the variables in this model; the name of any main procedure that is invoked 
once everv simulation cvcle, which in tum may start or call any other procedure, and which in this case calls 
the model-simulation-proc (Table 204): a choice to send all the values to external databases or simulators at the 
beginning of each cycle: an indicator of whether the Simula non is not-running, running or paused, or whether i> 
nothing to simulate or is a simulation error: and the configuration oi the simulator clock to run either 
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^ncnronously or as last as possible, which is more appropriate for simulating models which actions take place 
>ver ions rime periods). 

This Panel permits the user to enter the input value (3306) to be added to the Accumulation ot such bioReservoir 
and the tune (3307) of such input. Help burtons .n each section of the Simulation Panel provide* instructions tor 
the user in how to proceed, such as the one (3310) which subworkspace is shown (3311). Following those 
instructions, selecting the LIST button (3313) calls the list-simul-callback (Table 195), wh.ch finds the pww 
lists and then calls the read-scroll-proc (Table 196) to search for the members or those lists that are contained in 
the bioModel selected bv the user, as previously discussed, and fill the lists labeled DBRL (331 -1) with 
downstream bioReservoirs. the SDBPL list (331 5) with doxvnstream bioProcesses. and the the UBRL Hst with 
bioReservoirs that provide the inputs tor such bioProcesses but which are not included in the first list. 
As shown in FIC.34. selecting one ot the bioReservoir lists (3314) displays a workspace (34111) with pointers to 
each of the elements of that list, which allows to examine the bioReservoir that are to be included in the 
emulation. Selecting anv of those po.nters (3402) allows the user to either display the table ot attnbutes (not 
shown) of that bioReservo.r or to directlv displav the bioReservoir and its subworkspace (3419) ot its 
bioReservoirs Bin. In a similar wav. selecting the SDBPL list (3814) displays the pointers (34(1?) to the 
bioProcesses that are to be included in the simulation, which upon selection (3406) directly displays the 
bioProcess and its subworkspace (3425). The user can examine those lists to decide whether the selection made 
is appropriate before proceeding. If not satisfy the user can reset the panel, and transfer to the panel additional 
or different submodels, and press the "List" button again. 
■ When a Simulation Panel is created, the " Activate" and "Start" buttons are disabled to prevent the user of 
taking such steps prematurelv. When the processing associated with the LIST button is completed, the 
ACTIVATE button (331 ?) is enabled, and when selected it calls its associated procedure, which is one ot three 
listed (Table 1«7) and specific for each rvpe of Simulat.on Panel. Such procedures check that a value has been 
entered bv the user and then call activate-simularion-proc (Table l«tt>, which in rum: a) looks on the Panel tor 
the three iists created above and calls the acrivate-model-proc (Table 199) with those lists as arguments. As 
discussed in *ecnons above, upon entering the Simulation Mode the subworkspace ot all bioReservoirs and 
bioProcesses are deactivated, so that their variables become inaccessible to the simulator. The function ot thi> 
procedure is now to scan the DBRL. DBPL, and UBRL lists and activate the subworkspaces ot each bt ihe.r 
elements which are the ones that will be now included in the simulation, after which returns back to the 
previous procedure, which scans for the Basal-Dens.tv attribute of the now accessible bioPool ot each ot the 
bioReservoirs on those DBRL and UBRL lists and if its value has been modified by the userlhen it adds the 
name ot the bioReservoir to the User-BC list of the set described below, and if its value has a detault value then 
it calls the basal-density-proc (Table 200) for such bioReservoir. 
. A simulation starts with the baseline model, after being initialized by setting the initial values of the initial 
amounts of the bioPools (concentrations, densities, scaled-amount*, or other quantities, depending on how the 
bioPools involved where defined) to be equal to the value* ot the corresponding ba>ol amounts In order to 
activate the svstem, a disturbance mav be introduced bv entering one or more input values through the t 
enrrv-panel of the desired bioReservoir. or through the desired expenment-selecnons of the experiment-panel 
Bv entenng different values for those variables, or by changing the values of the constant parameters, what-w 
analvsis can be performed on the svstem. Montecarlo simulations can be performed using a 
mon.ecark.-model-block as an input to each of the bioPools desired as test input,, as explained in other section, 
and the simulation can then be started from either the entry-panel of a desired bioReservoir. or through the 
desired expenment-selections of the experiment-panel, without entering entry-values The history ot value, tor 
each ot the variables of interest can be stored in the form of a matrix-like structure that is an array ot arrays ot 
values for each variable or parameter. The values of those array, are transient value, that can be u>ed tor 
<tat.st.cal and sensit.vitv analvsis within this system, or can be arch.ved to a text file external to the stem ot 
this invention or the values can be transferred to an external statist.cal package tor further analys.,. In 
addition if the values of those arravs are desired in a permanent torm within this system, this is accomplished 
by using the procedure provided to make the in.t.al values ot an array equal to the list ot its current value,, 
separated by comma,. 

. The basal-dens, tv-proc (Table 200) has an important inference role since the value of the Basal-Density (or the 
Basal-Concentration) is used when the simulation is started as the initial value for the state variable ot the 
bioPool the Accumulanon. The task of this procedure is toobta.n a value for that attribute. .1 the u^er ha* no. 
cpecificallv entered one. from other data and information contained in other attnbutes ot that bioReservoir or 
us bioPw.1 It also uses a set of lists contained in the structure labeled BA (3317) upon the Smiulat.un Panel to 
-on and 1m all the bioReservoirs to be included in the s.mulation. to indicate the source ot those value- used t,,r 
the Basal-Dens.tv The user can examine the mult* of that inference alter the processing associated with in* 
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ACTIVATE button is completed, when the button becomes disabled and its appearance changes. Selecting the 
BA buiton (3317) displays its subworkspace with a set of lists filled by the program following the criteria 
discussed below. Those list can now be examined, by selecting their icons as discussed elsewhere, to find out 
which of the bioReservoirs got the value from each of the alternative more or less precise sources. 

« Various alternative versions of this procedure are made available, which are disabled and the one preferred is 
enabled by the modeler to better match the particular applicanon. Alternatively, each of the alternative 
versions could be made specific for particular subclasses or groups of bioReservoirs. This procedure initially 
scans the normal-basal-density value of the bioReservoir and if that value is different from the default value of 
9.9Ve-yy then the Basal-Density is set equal to its value, and the name of the bioReservoir is added to the 
NBD-BC list . If the subclass of bioReservoir is sol-mol-reservoir then the Basal-Concentration would be set 
equal to the value of the normal-basal-concentrafion if different from the default value. In the alternative 
implementation shown here, if the subclass of bioReservoir is sol-mol-reservoir this procedure scans the 
normal-basal-cnncenrration value of the bioReservoir. if that value is different from the default value. 9.99e- uo . 
then the Basal-Density is set equal to its value multiplied by the Avogadro's number, which states that each mol 
has fi.023e23 molecules, and the name of the bioReservoir is added to the NBC-BC list. The conversion is made 
when modeling complex mixtures of bound and soluble molecules. For example, for many biochemical systems 
where the molecules form large localized active complexes molecules are not homogeneously distributed, and 
therefore it is more meaningful to integrate in a bioProcess the quantities of both types of bioPools representing 
bound and soluble molecules using the number of molecules rather that their concentrations. If the 
normal-basal-density (or normal-basal-concentration) has the default value, then this procedure scans for the 
Scaling-Densitv attribute of the biol'ool and if it has the default value then the bioReservoir is added to the "NO 
BC" list. Otherwise, this procedure scans for the Scaled-Basal-Amount of the biol'ool, and if its value is not the 
default value, then the Basal-Density is set equal to the value resulting from multiplying the Scaiing-Density by 
the Scaled-Basal-Amount values, and the name of the bioReservoir is added to the SBA-BC list. Otherwise the 
Basal-Density is set equal to the value resulting from multiplying the Scaiing-Density by a factor associated 
according to the symbolic value of the "abundance" attribute of the bioReservoir, which value is set by the 
modeler or otherwise the default value is used, and the name of the bioReservoir is added to the PAB-BC list. 
The inference engine may proceeds the search for other sources of values, such as in an alternative method (not 
shown), where this procedure sets the value of the Basal-Density equal to a value proportional to the 
physioi-max-density (or physiol-max-concentration) of the bioReservoir if this xalue is different from default. If 
the user has not entered any of those values, then the program sets the value of the Basal-Den si ty equal to the 
average of any. known thresholding parameters of any bioReactant connected as an output of this bioReservoir. 
such as the Km, Ks, Ki or 1 /(2*Kp). This alternative method emulates the following reasoning: the value of 
Basal-Density represents physiological conditions and it is assumed that physiological concentrations 
approach the mid-range functional concentrations in the most relevant bioEngine in which the bioReservoir 
participates, as represented by constants such as the Km for a substrate, the Ki for an inhibitor or the Ks for a 
ligand or complex-subunit. If those values are not known, a message is displayed requesting the user to assumed 
tome values, based on comparisons with similar systems. Under normal in vitro assay conditions, an enzyme is 
generally present in limiting or catalytic amounts, in a range between 10e-3 nM and 10e2 nM. while a substrate 
is generally in the range of 10e3 nM to I0e7 nM. This value can be adjusted at a later time as more is learned 
about the system. If none of the alternative means are provided the system's default values are set. 

• Once the participants in the model have been activated and configured, the input values have been entered, and 
the model-definition has been configured, the simulation is started by selecting the START burton (3322). which 
depending on the type of Simulation Panel will call one of the six procedures specific for each of the one-time 
Panels (Table 201) or for each of the periodic Panels (Table 202). which read the input values entered by the 
user and perform different types of processing depending on the types of variables involved. The 
concentranon-entry-panel is used to input the absolute concentration value entered by the user in the 
input-value edit-box, in units such as molar, which is added as a concentration or is convened and added a* a 
density (depending of the alternative options available in this implementation). In a similar way the 
densm -entry-panel is used to input an absolute density value, such as units/compartment, while the 
relativtr-entry-panel is used to input the scaled dimensionless value. Those input values are used the values of 
the corresponding attributes in each type of biol'ool. such as the density-entry or the scaled entry at the time of 
entrv value entered by the user, where these values are then integrated by the formula of the Accumulation or 
such bioPool at the next simulation cycle, and the values of such attributes are reset to 0.0 after one simulation 
period has elapsed since the time the input values were set. The set of periodic type of Panel follow initially the 
same type of processing, but the setting of the values of the density-entry or the scaled entry attributes of the 
bioPool occurs then repeatedly as many times as entered by the user in the entrv frequency edit-box at nmes 
intervals a-, entered bv the user in the time-interval edit-box. beginning at the simulation time entered by the user 
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■ji the mom-time edit-box. Each of those procedures then call start-simulation-proc (Table 203). which request, 
He simulator to run the model as previously defined in the model-definition. 

• During the s.miibrion run the model-simulation-proc (Table 204) is called once every simulation cvcle. which 
sets the values ot" the attributes current-simulation-time and current-simulation-time-increment of the 
entrv-panel. The user can select the "T" button (332?) to display its subworkspace. which contains a distal 
display ot" those values as well as the values of other performance parameters. This procedure also calls the 
compute-graph-transform-proc (Table 205) described beiow. 

• Bv selecting the PA USE button (3323) or the RESUME button (3324). which call their associated procedures 
(Table 20M. the user can pause and resume the simulation at will. By selecting the RESET button (3326) the 
reset-simulanon<allback (Table 207) resets all the buttons on the Pane) and calls the reset-proc (Table 207). 
which: a) first it scans the DBRL. UBRL. and DBPL lists and resets each of the bioReservoirs and bioPmduci^ 
listed, including their status attributes, their icons and deactivating thetr subworkspaces; and b) then delete 
those lists. Note than when a Simulation Panel is created, most of its buttons are disabled, and they are enabled 
as the previous step has been selected by the user and completed by the program, at which point the burton of 
that previous step is disabled. Disabled and disabled buttons have different appearances, and this 
implementation both guides the user about which steps are available at each point in time, including RESET 
which is enabled at all times, and furthermore, prevents the user from taking steps ahead of time by mistake. The 
DELETE button (3327^ is disabled when the LISTS button is selected and it is not enabled until the reset is 
completed, preventing the user from deleting the panel before all the participants in the simulation that may have 
oeen modified are reset. 

. The procedures that are modified for the alternative implementation of the simulation, when copies are used 
instead of the original bioProcesses and bioReservoirs so that the values of the originals are not modified, are 
listed in Tables 211 through 221 ). 

• Digital and Graphic Displays of Dynamic Values 

- This system's graphic interface allows simulations to be followed in different ways, including: 

- creating pathways on a workspace where dummy copies of the bioProcesses involved, or full copies of both the 
bioReservoirs and bioProcesses involved (depending on the alternative method of simulation used! of all the 
participating), are located in sequence and the corresponding connections between them are drawn. Thi> 
structures allow to further interactively navigate through the system as usual, including back.to the originals 
from which the copies were made. 

- animation by color changes of the activated components ; 

- display of the current values of desired variables in digital form: 

- dvnamicallv created graphs of a set of time series of the values of desired variables: and 

- dvnanuc charts of the values of a variable versus another variable; 

- Selecting the details option of any of the bioReservoirs or bioProcesses that take part in the simulation allow, 
to follow up the quantitative simulation by providing access to the different structures in their s uhworkspace> 
Onlv the icons upon subworkspaces that are activated are active. Therefore, when in Simulation Mode the 
capabilities now to be described, as well as the navigation capabilities are restricted to onlv tho* s tructure ? 
that are ^elected participants for that simulation. The current values of the variables of each bioReservoir or 
bioPnx:e>> are bv default displayed in digital form (3403 and 34041 To dynamically- display the time cour>eoi 
the values those variables for the time frame selected dunng a simulation graph-tracers are used, which 
,ubwurkspaces with a graph and associated structures are not stored, but are rather created or deleted when 
the user selects one of such tracers. These methods are described now 

- A graph-tracer is an object (Table 32) connected either to a bioPool (?42l and 3428) or a bioEng.ne (342ni. u-ed 
to control the dvnanuc creation and display at run-time of a graph which plots the values over time ui key 
variables or parameters of the bioObject where they are contained, scaled or absolute versions for 
bioReservoirs. Electing the "show -plot" opnon calls the graph-tracer-handler-proc (Table 20Si. which 
depending on the cla>s ot the graph-tracer from which it was invoked call* either the scaled-BR-traph-pn* 
(Table 208). the absolute-BR-graph-proc. or the scaled-BP-graph-proc. which first create a subworkspace tor 
that tracer with all its contents bv cloning the subworkspace ot the corresponding prebuilt master structure, 
and then configure the labels of the graphs (3423 and 3428) and the rei-bioreservoir or ref-biopmcess attribute 
ot each ot the graph-tranf-var, upon such new subworkspace to refer specifically to that bioReservoir (341^1 
or biol'mcess (342>). respectively. 

- The design ot graph* and associated structures deal with plotting multiple Variable which value> differ K 
orders ot magnitude on graph structure* that do not prov.de multiple ax(s scales: In the current implementation 
the >vstem automaucallv adiusts ihe scale to the current valuer, o. the ttnie->erie> to be plotted. u,.ng a system or 
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.niermediarv variables to dynamically transform those disparate values into others that fit a common scale. 
Tlits set of new variables are instances of subclasses of the class transf-factor-var (Table 15). a float-variable. 
A representative example of the attribute table ot a default instance of one of those subclasses, a 
velocity-transf-factor, is shown (Table 209). Among the attributes of transf-factor-var are: "transform", which 
value is given by an instance of the class grapb-transt'-var (Table 14); and "ref-variable", which makes 
reference to the particular attribute of a bioObject that provides the input value. The Label and the Transform 
value are displayed. The role of the graph-transf-var is to hold a transformed value of the current value of the 
parameter or variable referred to by its "ref-variable". The transformed value is suitable for plotting within 
the scale of the related graph. The role of the transf-factor-var is to hold the value of the factor necessary to 
obtain the desired transformation, as inferred by the compute-graph-transforms-proc (Table 205) only when a 
simulation-model is running. Each subclass of the class transf-factor-var corresponds to one of the bioObject 's 
attributes to be transformed, which matches the value defined for the "label" attribute of each subclass. The 
,-ransf-factor-var provides by itself the order of magnitude of the variable it transforms. 

- Selecring the "hide-s.graph" option (Table 210) of the bioReservoir, which appears only when the graph upon 
the subworkspace of the scaled-BR-graph-tracer exists, or deselecting the graph-tracer, or selecting the delete 
opnon directly from the subworkspace of the tracer deletes that subworkspace with its contents. The same 
applies for the other classes of graph tracers. 

• Scaled Computation Approach for the Variables of bioReservoirs and bioProcesses 

- The formulas of the parameters and variables that dynamically characterize a bioPool. depend on other numenr 
variables or parameters that are either attributes of the bioPool or its bioReservoir, or that are attributes ot the 
bioKeactants and bioProducts that represent such bioReservoir in different bioProcesses. Table 83 lists a 
representative set of formulas, as examples of generic simulation formulas comprised in this invention to 
simulate a set of scaled-valued variables and Table 84 lists a set of generic simulation formulas specific for the 
Contribution of different subclasses of bioReactams that incorporate the values of scaled-valued variables or 
parameters. Table 86 lists a set of generic simulation formulas that are alternatives to the formulas in the set 
shown in Table 84, and which can be used in this invention to incorporate the values of absolute-valued . 
variables or parameters into the Contribution of each bioReactant. These formulas for the Contribution do, 
scale those absolute values using either a linear or sigmoid approach, depending the role in a bioProcess 
represented by each class of bioReactant. Therefore, since the output of the Contribution is dimensionless, 
whether the inputs are scaled (as in the case of using the formulas in Table 84) or absolute (as in the case of 
using the formulas in Table 86), it is now possible to integrate in a single bioProcess a mixture of bioReservoirs. 
where some of those bioReservoirs use only the scaled-valued variables while other bioReservoirs, called of 
mixed-type, use a mix of the scaled-valued variables, such as the Scaled-Amount, and absolute-valued variables, 
such as the Density. Those two values are interconvertible by using the value of the Scaling-Density, as 
computed by the formula for the Density in Table 86, so the user may be able to display the output of a 
simulation also as converted back into Density units in this case. The Contribution can be used in conjunction 
with either absolute-valued or scaled-valued variables, and therefore allows to integrate pans of the 
-simulation where the absolute values of parameters and initial conditions are known, where other part* of th* 
simulation where those values are unknown an have to be approximated, which is best done when using 
dimensionless values. 

- The Quantitv of the bioPool is the only quantitative output value propagated from any component of a 
bioReservoir to any component of a bioProcess. That output quantity value of the bioPool is used to compute 
either: a) the value of the Velocity of each bioEngine connected to each bioReactant connected to such bioPool. 
which is the method normally used when using the absolute computation approach, to be discussed below; and 
h) the value ot the Contribution of each bioReactant connected to such bioPool. which is an intermediary 
variable which in turn is used to compute the value of the Velocity of the bioEngine to which that bioReactant i> 
connected, in combination with the Contributions of all bioReactants connected to such bioEngine, this being the 
preferred method used when the scaled reasoning mode of simulation is preferred by the modeler or user. The 
formulas for the variables that give the value for the Contribution are specific for different classes of 
bioReactants. as more specifically defined in Tables 83 and 84. The formulas for the classes that represent 
reactants that bind to specific sites other reactants, such as subsrrate.r, ligand.r. inhibiror.r or ion.r. are 
designed as to provide a sigmoid scaling around their characteristic kinetic parameters, which implicitly 
provides a smoothed thresholding of the Quannty of the bioPool for tha t particular bioProcess. as represented 
by the bioReactant. When using the scaled-valued set of variables, the Scaled-Amount is used in conjunction 
with the corresponding scaled kinetic parameter, as the examples given in Table 86 show. The formulas for the 
Contribution for other classes of bioReactant. such as receptor.r or en/yme.r. are designed as to provide a linear 
s:almg from none to their maximum oh-*rved value, represented as 10H if such absolute value is unknown In 
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contrast with the absolute mode of computation, where there may be great variability in the formulas needed to 
provide the value for the Velocity, depending on the class of bioEngine involved, in the scaled mode of 
computation the variability is introduced, to a much lesser extent in the simulation formulas that provide the 
value for the Contribution, while only one very generic simulation formula is required for the Velocity of all 
classes of bioEngtnes. As listed in Table 83, the very generic simulation formula for the Velocity included in the 
current implementation of this invention integrates various coefficients and a rate-constant to give the modeler 
or user the flexibility of bv changing the values of those attributes of the bioEngine to modify the behavior of the 
system in different wavs. without the need to wnte specific formulas for each situation, while the default values 
of those attributes do not affect the system. 

- The Velocity of each bioEngine in rum is used to compute: a) the Production-Rate any bioProduct connected to 
such bioEngine; and b) the Consumption-Rate any bioReactant connected to such bioEngine, which may be 0.0 if 
such bioReactant represents a reactant that is not consumed in such process, or may have a value that may be 
withdrawn from a bioPool as an output (like any standard Consumption-Rate), but then retained for a period of 
time and then returned back to the bioPool as an input (like any standard Production-Rate will do), as specified 
by methods specific for the variables of such particula r pair of bioReactant and bioPool. or for a group of such 
pair which are identifiable bv some specific common attribute, or which are defined as separate subclasses of 
their respective classes. 

ji - Several bioProcesses may contribute through their outputs to the Input-Rate of that bioPool. which values are 

H then integrated when computing the value of the Accumulation of that bioPool. Users can also add (or removel 

an absolute or scaled amount during a simulation to the selected bioPool, by having specific procedures setting 
the values of specific attributes of the bioPool, as discussed above, which are then integrated into the 
Accumulation by its simulation formula. 

- The Basal-Quantity (which mav be either a Basal-Concentration, a Basal-Density, or a Scaled -Basal- A mount) 
represents the initial conditions, and provides the initial-value for the integration of Accumulation, which is a 
state variable that integrates all other dependent variables. When using the scaled-valued set of variables, the 
value of the Scaled-Amount is the value of the Accumulation constrained to a range within 0.0 and 1 .0. The 
values of the Concentration or Density are constrained to not be less that 0.0. . ; 

- In this invention, the value of variables or parameters that are attributes of bioObjects upon the subworkspace 
of bioResenoirs and bioProcesses, can be simulated only if the subworkspace of the hioReservoir or bioProcess 
upon which it is located is activated. When the user selects simulation mode, the subworkspace* of all 
bioReservoirs and bioProcesses are deactivated, and only those that are to participate in a simulation run are 
activated. This is a mechanism to improve performance of what may become an extremely large system of 
parameters and variables. In the current implementation of this invention, each of the values is computed once 
each simulation cycle using the equations defined by simulation formulas. 

- The implementation of the intermediary variable, the Contribution, is a novel and very important teaching oi 
this invention, particularly in applications when the knowledge ot the quantitative parameters and initial 
conditions of the svstem are incomplete, or when a more abstract and generic system is desired, such as when 
providing a Shell to be used in different and unpredicted ways. This implementation is relevant in several 
different wavs. It allows to treat each of the bioReactant of a bioProcess as a generic self-contained unit, which 
allows to model also participants in a bioProcess which are known to interact but which exact roles in such 
process are unknown, where the velocity is generically computed by simply multiplying the contributions ot any 
participant that the modeler may want to model. These generic units become even more generic when used tn 
combination with the set of scaled-valued vanables. which allow the user to enter values based on expert 
knowledge, or quicklv perform what-if analysis. Another important result of using the Contribution is that. a> 
discussed above, allow to perform quantitative simulations that integrate into,the Velocity of any biol'n de- 
values ongmated from bioReservoirs with both types of absolute-valued and scaled-valued variables. Tht-> 
means that those parts of the complex model where the absolute values of their kinetic parameters and initial 
conditions are known can be integrated with other parts of the complex model where relative values are u*d 
because the absolute values may be unknown. 

- The abstraction provided by the Contribution also facilitates the use of bioProcesses as black-boxes, which are 
also be implemented in the current system of this invention without using the Contribution Black-boxes are 
u>ed to represent anv type of participant that is known to cause something to change somewhere down the line, 
even it it is known that other intermedia nes are involved, but where the details or identity or even the existence 
of those intermediaries is unknown. The bioKeactants in a black-box represent the entities (of hoP»x>lMI that 
cause some effect on some other distant entitle* or byproducts (the input to otherbioPool(s)). and like in other 
•jenenc l«uilVoces»e>. either the kinetic-coerficieiit I scaled or absolute) that modifies each bioReactant. or the 
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rate<onstant thai modifies the overall process, representing the proportionality factor between the quantity of 
^auseist and the quantity of effects, can be used. 

• Absolute Computation Approach for the Variables of bioReservoire and bioProcesses 

- More standard ways of quantitative simulations using the known absolute values of the system parameters and 
initial conditions, can be performed by using only the set of absolute-valued variables or parameters, and by 
using a different set of generic simulation formulas, such as those shown in Table 85. From those variables, the 
one that offers more variability in the formulas needed for each class of bioEngine is the Velocity, which is in 
contrast with the scaled mode of computation where only one very generic simulation formula is required for the 
Velocity of all classes of bioEngines. It is also possible to write very complex simulation formulas to encompass 
a variety of different situations, such as that in Table 82 to be described below. The value of the Velocity of a 
bioEngine in this approach depends directly on the Quantities of the bioPools connected to each bioReactant 
connected to such bioEngine, which is the method normally used when the formulas that give the value of the 
Velocity are those that represent the equations that a biochemist will normally use to compute the velocity of a 
reaction, based on the quantities of the reactants and on some known kinetic parameters, such as the Michael i> 
constant (Km), inhibition constant (Ki) or the equilibrium dissociation constant, and which the preferred 
method used when the absolute reasoning mode of simulation is preferred by the modeler or user. The 
simulations formulas for the Velocity of absolute-valued enzymes, such as that listed in Table 85 (which is 
equivalent to the Briggs and Haldane approach where V = n* kp*|EnS)/(|Sj ♦ Km * X), where X = 1 if no 
inhibitor.r is connected to the bioEngine, or X = (1+ [Il/Ki ) if an inhibitors is also connected to the bioEngine). 
assume the instantaneous or initial velocity approach, since increases or decreases in the Concentration of the 
substrate are updated at small time intervals in this invention 

• Following are Rime examples of how the common knowledge of chemists is implemented in the current invention. 

- For receptor-bioEngines or enzyme-btoEngines with multiple equal binding sites, the velocities can represent 
reactions of two major types: a) the generic simulation formula for non-cooperative-binding is equivalent to V = 
n*Kp*|E]*|S|/(Ks+|S|), and represents the situation where binding at one site has no effect on the intrinsic 
dissociation constants of the vacant sites, yielding hyperbolic velocity curves, and being impossible to tell from 
the kinetics whether there is 1 pmole with n identical sites or n pmoles of 1 site; and b) the generic simulation 
formula for cooperative-binding represents the simple sequential interaction model of an allosteric enzyme with 
2 cooperative substrate sites. It is modeled as two substrate.r connected to the same bioPool, but each of those 
bioReactants have different dissociation constants, and the simulation formula is equivalent to 
V=n*kp*[E)*([5|/Ksl+|Sr 2 /Ks2 A2 )/(1+2*|S|/Ksl+lS| A2 /Ks2 A2 ). Here, the binding of one substrate 
molecule increases the affinities of the vacant sites for the next substrate molecules, yielding sigmoid velocity 
curves. Thus, the sigmoid response acts as a smooth "on -off" switch", and at intermediate specific velocities, 
this provides a much more sensitive control of the reaction rate by variations in the substrate Concentranon. 
Allosteric enzymes generally result in sigmoid velocity curves due to cooperative binding, either positive or 
negative (binding one molecule facilitates binding of the next). The Hill Equation is used for an enzyme with n 
equivalent S binding sites, it the cooperativity is very marked, in which case the Km of the single substrate.r has 
to be set, not equal to the real Km but rather equal apparent Km to the n power. Under these conditions, 
dominated by |S| A n. the equation can be simplified to V = kp*|El*|S] An /(Kni +(S) An ). For enzyme-bioEngines. 
the application in this invention focus on regulatory pathways, which are controlled by enzymes which active 
form is only present in catalytic amounts and a steady-state is assumed. For receptor-bioEngines, which include 
processes for other specific binding proteins, the generic formula for the velocity represents the system at 
equilibrium, and is equivalent to v-lRL|=n|R)i /(l+(Ks/|L|)). 

- Inhibition can be modeled in different ways, and the modeler has to decide what best represents each situation. 
Table 82 lists a very generic formula that allows the modeler to connect to the bioEngine one inhibitor-reactant 
that can be of any one of the four common types represented by the four defined subclasses of inhibitor-reactant 
This formula is capable of first detecting which subclass of inhibitor-reactant is connected to the bioEngine. and 
then applying the equation with one of the alternative modifiers included which apply to that particular type oi 
inhibitor. However, some of those types of inhibitors may be better represented in the system of this invention 
as compering with the substrate from a separate bioProcess. which allows fora more intuitive representation 
and understanding of such competition and a higher level of manipulation by the user, which are in fact some of 
the advantages offered by the system of this invention when compared with other more global modeling 
approaches. Competitive inhibition may be modeled within the corresponding bioEngine. with the generic 
formula such as that in Table 85. Noncompetitive inhibition is best modeled as a separate 
compleM-furmation-process between the enzyme and the inhibitor that competes for the enzyme by being 
connected to the same bioPool. Feedback inhibition should always be modeled by a separate bioProcess Any 
rurther velocitv equations con be derived in the same manner, by using well established equations in the field of 
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.nochemical kinetics, and the reader is referred to standard references, such as SegelJ.H. .1976. Biochemical 
■Zalculanons 2nd Edition. John Wiley L Sons. New York, 
cl Experiment Panel and Procedures 

• An Experiment Panel is a facility that allows to perform many of the previously discussed, but with the 
additional feature: the capability of using multiple points of reference for the generation of lists, creation of 
pathw ays, or as the recipients of quantitative inputs for simulations. In contrast to the Simulation Panels, 
which are are dynamically created and deleted when requested from the bioReservoir that serves as point of 
reference, and , a Library of Experiment Panels are created as permanent generic structures with different 
designs, accessible through the "Panels" head of the domain-menus associated with the General Mode (29201 
and with the Simulation Mode previously discussed. Each Experiment Panel is the subworkspace of an 
instance of entry-panel created by cloning the Master-Expenmeni-Setup-Panel. As shown in F1C.35. selecting 
one ot those opttons (3502) from the domain-menu (3501) displays the subworkspace (3502) of the named 
entTV-panel. which corresponds to one of those predesigned Experiment Panels. The new components of such 
Panel are round structures (3504) organized in columns and rows which are instances of class 
experiment-selection (Table 222). New designs are created by delenng of adding any number of such 
auxiliary structures, used to select the combination of bioReservoirs that are to serve as the points of reference 
in such experiments, and also to allow the user to enter the input values for quantitative simulations of such 
experiments. 

• Selecting one of the experiment-selections (3504) displavs its table of attributes (3505) which allows to: at 
enter a short name tn its "label" attribute displayed on top of the icon, b) select a bioReservoir, as entered in its 

ref-bioreservoir" slot, and c) enter whether "currently selected" is true or false. The values of those attributes 
are sufficient to perform any of the qualitative tasks associated with this panel. If a quantitative simulation i> 
desired, anv of the values for the other optional attributes may be entered, such as those for an absolute-valued 
input or an scaled-valued input, time of input, time interval for periodic entries, and entry frequency, which 
have the same use as those previously discussed in relation to FIC.33. The configurations of any or all those 
experiment-selections can be stored for later use. and the combinations of different experiment-selections to be 
included in a particular experiment may be quickly changed at will by changing the value of the "currently 
selected", since only those with such value set to true, which get also highlighted with a different color, are 
included in the pnxessing when anv of the tasks is requested. This allows the user to have a set of experiment 
designs for those tx-pes of experiments most frequently used. The BIORESERVOIRS button (3506) provides a 
graphic tool to facilitate the task of the user in selecting the appropriate name to enter in the "ref-bioreservoir" 
attribute of those experiment-selections, to be selected from among the large number of bioReservoirs in the 
Virtual Model. Selecting this button displays its subworkspace (3S07) if one exists, or calls the 
BR-sc roll-callback (Table 223) which creates one, containing an scroll-area listing in alphabetical order all the 
named bioReservoirs loaded on memory, and which in addition to pmviding the specific nomenclature used fur 
Jesired bioReservoirs. it allows to directly access and verify the details of a selected bioReservoir. 
• Upon entering the choices of "ref-bioreservoir" and setting the value true for the desired combination of 
experiment-selections, the user can proceed by selecting the WOCESSS button, which calls the 
process-exper-callbaek (Table 224). which creates a set of lists and then scans the Panel to find all 
experiment-selections which Currently-selected is true and the Ref-bioreservoir has a value, which are inserted 
in the "Exper. Selections" list (3512). and for each such expenment-selecrion found, it calls the same 
fill-br-downstream-lists-proc (Table 194) called from the Simulation Panel to till the other two fcsts. one (3513) 
listing all downstream bioReservoirs of all those bioReservoirs named by the experiment-selections in the 
previous list, and the other (3514) listing all downstream bioProcesses of all those bioReservoirs named by the 
exper.ment-selecnons in the first list: and then finds all the bioModels that include "all" of those bioReservo.r- 
and bioProcesses listed in those lists, and creates an scroll-area displaying those bioModels. to allow the user 
to select the desired scope of inclusion, as described in reference to FIC.32. Selecting the CLEAR button (3529) 
calls clear-exper-callback (Table 225) which deletes those lists and the scroll-area, to allow making ditferent 
selections and repeating the PROCESS. The other buttons on the Panel have similar or equal luncnons a> tru.-e 
described for the Simulation Panel, and therefore here only the differences will be briefly highlighted. The 
reader is referred to the Tables 225 through 233 for a more detailed description of the processing involved. 
Selecting the LIST button (3515) calls the list-exper-caltback (Table 226) which creates a new set ot lists 
SDBRL (3516), SDBPL (3517), and L'BRL (35)8) lists, and finds the members of the previous set> oi lists tnat 
are contained in the selected bioModel. 
. Selecting the PATHWAY button (3520) calls the draw-exper-pathway-callback (Table 227). which creates a 
tuviM-path-tracer (3531) together with its subworkspace by cloning the Master^ vig-Pathway and transfer* 
lt to the Panel, and then it scans the Exper. Selection*" list and for each bioReservoir li>ted call* thf 
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create-local-exper-BP-proc (Table 228), while setting the value of the x-pos to a value close to the initial 
position when changing from one bioReservoir to the next, which performs a processing very similar to that 
described earlier tor thecreate-local-UBP-proc (Table 176) tor the upstream direction. Now. instead of once as 
before, that procedure is called as many times as bioReservoirs are in the "Exper. Selections" list. One example 
of the display of one of those multi-origin pathways is shown in F1C.36, which are more complex The pathways 
start from multiple initial bioReservoirs, and the pathways from Utter initial points are connected, whenever 
the possibility arises, to the pathways from former initial points already on the Experiment Pathway Display. 
Alternative implementations of any of the types of pathways is to include in the drawing of the pathways not 
only the bioProcesses, but also the bioReservoirs that are intermediaries between those process in the chaining 
process. The procedures for those alternative implementations (not shown) apply the same methods and need 
only minor modifications to create, transfer and connect the intermediary bioReservoirs. 

• This Experiment Panel can be used either for the only purpose of generating those complex pathways, or they 
can be further used to perform quantitative simulations that apply to the variables and parameter of the 
components of those pathways. For that purpose, the remaining buttons and structures to be used in the 
subsequent steps have been described before, and the procedures called upon selection of the such buttons 
{Tables 229 through 233) are only minor modifications of those described for the corresponding buttons of the 
Simulation Panel, to incorporate the fact that now there is not just one bioReservoir but the various 
bioReservoirs in the "Exper. Selections" list to consider. 

d) Simulating Complex Models 

• To deal with complex systems where some parts of the system may be more precisely defined than others, the 
svstem of this invention integrates a variety of methods to allow modeling and simulations while accommodating 
the uneven types of knowledge available. The following describes how the heterogeneous forms of knowledge 
are integrated in the system of this invention: 

- In some cases, sufficient information has allowed scientists to develop mathematical models to represent a 
particular behavior of a system, and some of those models may be suitable for adaptation to be included in the 
knowledge-base, giving the user the option to integrate them in their simulations. This type of knowledge is 
usually included in the form of the parameters characteristic of the system and the initial conditions once the 
underlaying architecture of the network is matched, or it can be implemented directly by modeling particular 
inputs or outputs as model-blocks. 

■ intermediate levels of information about a sequence of events, or effects following a cause or combination of 
causes, allows the construction of semi-quantitative behavioral networks that are constrained by the data 
available, such as time intervals, context and compartments in which behaviors occurred, concentration level? 
at which different behaviors were observed, and so on.... This type of information is used to design the 
compartmentalized architecture of the network, and to provide semi-quantitative values to the scaled 
parameters and initial conditions. 

- Heuristic and shallow knowledge can be integrated in the form of either rules or formulas for inferred 
variables, that connect a cause with a distant effect, without detailed description of the unknown underlaying 
mechanism. 

• Depending on the amount and type of information and data available about the system to be modeled, and the 
nature and size of the hioModels to be developed, the system of this invention's may operate in either 
quantitanve or semi-quantitative simulation mode. With well known metabolic pathways, the simulation may 
be run in quantitative mode, but since in most biological systems both qualitative and quantitative information 
is incomplete, it may be difficult to simulate with accuracy such biological systems. However, the 
semi-quantitative methods integrated in the system of this invention allows to gain insight about the degree and 
direction of change in the model variables, and their quantity levels at different points in time. 

• Of major importance in simulating the behavior of biological systems is the need to model the different states in 
which complex biological entities, such as cells, can be found at different points in time, and also to model the 
events that cause the transitions from one state to another. There are several major types of states and 
transitions to be considered, depending of whether the biological entity to be considered is a biological system, 
organ, cell, cellular compartment, molecule or any other entity. We are providing here with just a tew example* 
among the many considered in the currently preferred embodiment of this invennon. 

• Tlie modeler is provided with sex-eral methods to fine tune any specific pans of the complex model, including in 
the ability to write formulas specific for the individual instances of variables that are attributes uf the 
bioReservoirs or bioProducts that model any such specific part of the complex model. Within those formula?, 
temporal reasoning is further achieved in the system of this invention in several ways, such as by specifying 
times or time intervals, using quantitative time constraints such as the expressions: during the b>t 30 seconds. J 
of 5 minutes ago, or between 3 hours ago and 4 hours ago. Fuzzy rime intervals and time constraints may be 
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-cecmed it so desired to handle the uncertainty encountered in biochemical systems. The simulation can be 
?vncnronous or asynchronous, by setting different simulation time intervals for sets or variables of 
bioProcesses and bioReservoirs that represent different parts of the complex mode'.. 
• The simulation can be continuous or time-con strained, and either way may be differentially applied to different 
parts of the complex model. To accomplish that, the simulation formulas can be complemented with rules that 
monitor those simulated variables to either set other values, particularly those that are further integrated into 
an state variable, or bv controlling parts of the model. For example, a bioProcess or a bioReservoir can be 
programmed to be active only for certain time intervals during a simulation run. by means of rules or procedures 
that control the activation and deactivation of its subworkspace. Those rime intervals may be either directly 
specified or dependent on the values of other parameters or variables or any of their combinations. Rules may 
be defined to monitor the simulated values of specific variables, such as the Quantity of a given bioPool or the 
Velocity of a given bioEngine, to be compared with a specified threshold, that when reached causes that rule to 
trigger some actions, such as setting the values of other parameters or variables, or acti vating and deactivating 
the subworkspace of one or more bioProcesses or bioReservoirs, or starting one or more procedures. Such rules 
in turn mav be: a) it-type rules with their "scan-interval" attributes set to a specified time interval that 
preferably matches the rime-interval used for the simulated variables, which means that such rules are invoked 
once every such interval; or bl whenever-type rules that are invoked whenever the specified variable receives a 
value and which trigger specified actions when such value fulfills any specified constraints; or c) initially-type 
rules, that may for example be hidden in the subworkspace of a bioEngine or bioPool. and which will be 
invoked once every time the subworkspace of their superior bioProcess or bioReservoir is activated, and which 
mav tngger any of the actions described above which may apply to any bioProcess or bioReservoir in the 
complex mode'i. 

• One of the several applications of this invention is that of a system for signal processing and signal integration 
In such system, simulations can have three levels of control through: 

- the interactions explicitly modeled in the architecture of the graphic design of this invention, namely the 
network of connected bioReserv oirs and bioProcesses, which represent and determines the specific interactions 
of the different components of the complex model; 

- the propagation through such network of the dynamic changes in the values of the variables of such components; 

and ?1 

- through the signals transmitted by the smoothed thresholding implicit in the design of the Contribution variable* 
of the bioKeactants which determine the output values of the Velocity of the bioEngines, and 1 

- through the rates of consumption of the bioReactants and the rates of production of the bioProducts, that 
determine new changes in the values of the Concentrations, now amplified to a larger number of bioPools. which 
in turn initiate new waves of value propagations. 

• The simulation starts after a perturbation, such as a Concentration-Entry, Density-Entry or Scaled-Entry, has 
been introduced and integrated in the overall system's equation: d|E|(0/dt = [El(t> - entry + I inputsdl - u'|E|in 
- 1 outputs(t) In this svstem. the bioReservoirs and bioProcesses placed in a biological compartment-layer are 
activated successively in time and space, as the activation signal is propagating forwards based on varmu> 
chaining relationships between those structures established during the initialization process according to the 
downstTeam or upstream positions of each of those structures respect to the others. 

• "When starting the knowledge base, the C2-s finds the initial values tor all variables that receive values trom 
simulation formulas, and then executes the main simulation procedure. For each simulation cycle, the 
G2-simulator ev aluates in order: 1 . simulated state variables and parameters . 2. dependent variables and 
parameters, and ?. the main simulation procedure. The C2-S only evaluates one, the most specific simulation 
formula for each variable" 

• BioReservoirs which variables have scaled values can be mixed in a simulation with BioReservoirs which 
variables have quantitative values, since both types of outputs are integrated at the bioProces* lev el only alter 
being transformed to a scaled value. However, the output values of the variables of BioReservoirs and of the 
thresholding parameters, such as Km. Kd. Ki or kp, have to beoi the same type, either quantitative or scaled. 
The choice of scaled values between 0 0 and 100.0 for basal-Concentration, based on the knowledge of the 
domain expert, can also be entered manually within the table of atmbutes of the bioReservoir. 

• Tabular functions of one argument allow to deal with situations when the algebraic relationshiD between two 
bioVariables is not known but experimental data is available, which allows to build a table that relate a >et 
of values that represents the magnitude of a cause with the set of values that represents the magnitude of the 
corresponding mechanistic effects or cellular responses, and straighi-line interpolation is optional. The>e are 
important tools to biologist who frequently measure complex cellular responses to external tacturs. 
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:. Alternative Implementations and Variations 

a) An equivalent system can be build with a less graphic interface by substituting each of the component? 
represented in the current implementation as iconic bioObjects upon or" the subworksoace of bioReservoirs and 
bioProcesses, and representing them instead as attributes of the bioReservoirs and bioProcesses, respectively. 
Examples of this alternative implementation are shown in Tables _ and _.. The corresponding methods would 
need only minor modifications, such as for example, by substituting the current expression "the bioPooi upon the 
subworkspace of bioReservoir X" with "the bioPooi that is an attribute of bioReservoir X"; or substituting the 
current expression "the bioReactant-1 connected at port-1 of the bioEngine upon the subworkspace of 
bioProcess X" with "bioReactant- 1 of bioReservoir X", where each of the specific bioReactants connected to 
each of the specific stubs of a specific type of bioEngine are now converted into specific attributes of the specific 
type of bioProcess, and where those attributes are not values but objects, and where those objects may have a* 
attributes other objects. For example, the bioPosts now connected with each bioReactant and bioProduct can 
also be implemented as and attribute of such bioReactant or bioProduct, while the two sets of bioPosts 
connected to a bioPooi can now become two sets of attributes objects of the bioReservoir, such as lnput-1 or 
Output-3. Dy defining a specific attribute, such as "post" for these new classes of objects, the specific distant 
connections can now be established by giving the same unique value to the "post" attributes of one of the 
bioReactant attributes of a bioProcess and one of the Output attributes of a bioReservoir, or by giving the same 
unique value to the "post" attributes of one of the bioProduct attributes of a bioProcess and one of the Input 
attributes of a bioReservoir. The result of this alternative implementation is that the different levels of 
encapsulation currently provided through the workspace hierarchy would then be provided by an attribute 
hierarchy, and the current representation of those components by their icons would be then limited to their . 
representation by their tables of attributes, which are also pan of the current implementation. Many of the 
tasks associated with the menus of the icons of those components or other auxiliary icons can be associated in 
the alternative implementation as menu options of the superior bioReservoirs and bioProcesses. as many of 
those are already currently implemented. The advantage of using the approach described in the currently 
preferred embodiment of this invention is that the more graphic interface is more intuitive for the user, and easier 
to use. The disadvantage is the additional memory required to store the additional graphical structures. 

b) Another alternative is to replace the complex knowledge-structures bioReservoir and bioProcess by the 
components encapsulated in their respective subworkspaces, after some, modifications. One of the several 
possible alternatives is to bypass the bioReservoir and the bioProcess structures altogether, and to encode the 
pertinent information here defined within the bioReservoir's table of attributes in the bioPool's table of ' 
attributes, and to encode the pertinent information here defined within the bioProcess's table of attributes in the 
bioEngine's table of attributes, and to construct the iconic components now contained in the subworkspaces of 
the bioReservoirs and bioProcesses directly on the desired workspace. The advantage of using the approach 
described in the currently preferred embodiment of this invention is that the bioReservoir and bioProcess 
structures encapsulate the details and simplifies the schematics, and makes easy the cloning and transferor" the 
preconstructed structures from one location to another, making the task of developing new models or modifying 
existing time much faster and keeping complex schematic* simpler. The disadvantage is the additional memory 
required to store the additional graphical structures. 

c) An alternative more compact implementation that would still allow developing multidimensional pathways, 
bypassing the need for bioReservoirs. is to directly connect all the bioReactant-post and bioproduct-post that in 
the current implementation are connected to the same bioPooi. by giving them all the same name. In such 
implementation, the "ref-bioentity" attribute, as currently defined fur the class bioReservoir could instead be 
defined for the classes bioReactant and bioProduct, allowing in that way access to the bioEntity corresponding 
to an instance of bioReactant or bioProduct that would provide the physical description of such bioReactant or 
bioProduct. This implementation would allow the user integrating the description of structure with function. In 
another related implementation, the variables and parameters, inputs and outputs, as well as other attributes, as 
currently implemented as attributes of the bioReservoir or its bioPooi, or as separate icons within the 
bioReservoir, could be implemented as attributes of the currently corresponding bioEngine. 

d) Other of the manv alternatives include: storing the bioReservoir or equivalent structure within the 
subworkspace of the bioEntity; or storing the bioEntity within the subworkspace of the bioReservoir. 
However, note that in the current implementation. thebioEntities are stored independently oi the bioReservoirs 
because in manv cases, and particularly dealing with very large applications, it may not be necessary to store 
one bioEntitv for each bioReservoir, and instead prototypic bioEntities can be used that are shared by many 
bioReservoirs. But even m such cases, another alternative is storing all the bioReservoirs Jhat in the current 
impiementanon would reter to the same bioEntity in the subworkspaceof such bioEntity. 
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el The concepts and method, subiect of this invention can be applied with each of theobrecuiriented expert system 
.hells trom various vendors, after those capabilities not provided by that particular shell are add.tionally 
encoded. An equivalent of those capabilities of the selected shell that are required to apply the concepts and 
methods of this invention may also be custom built from scratch or by combining a set ot off-the-shelt 
components. 

ft There are manv sophisticated capabilities that can be further developed with this system, which a 

knowledgeable expert can derive from the teachings of this invention. Here, only a few important ones ot which 
will be described in deuil: 

g As an alternative, the methods here represented could in part be compiled using this Shell or other shells of the 
compiled type, including but not limited to RT works and Activation Framework. The compilation may improve 
performance at runtime bv eliminating graphical interpretation of the iconic components . However, compilation 
does not facilitate frequent modifications of the design and information contained in the iconic components . a 
feature which is of great importance when modeling biochemical systems, the knowledge of which is bemg 
continually updated and improved. 

h) The same concepts described in this invention can be slightly modified by a person skilled in the art. to 

incorporate multiple inheritance capabilities, allowing the bioObjects to inherit attributes trom two or more 
superior classes. Additional controls and code may be required in that case to resolve conflicts that may appear 
when more than one superior class have the same attributes but receiving values trom different sources, or 
through different methods 

i) Manv of the svmbolic vanables or parameters could be also represented as logical variables or parameters, 
with or without fuzzv-beliefs. bv simply changing the language ot the attribute name and its values. For 
instance, an attribute called sf.ttus could have values: acaiUble. iiiifciiorrn and unavailable; or it could 
alternatively be called it-aivilnbk and have values true, unknown or fahc. the unknown associated n ith 
fuzzv-bclieh , such as the range 01-0.8. 

j) To further control the behavior of anv component of a simulation, different type* of filters could be applied to. 
for example, the Density (or Concentration) of bioPools or to the Velocity of bioEngines. These niters can be ot 
any of the types of filters used in signal processing control systems, such as low -pass or ideal high-pass Miters ( 
such as H(ia»=^-i«*o for I c I > ^ else H(ja»=0 ). Gaussian niters (H( U )=e-<« to ) A 2. e -jojto and olhOTS >. S uch 
filters could be executed in either formulas or procedures, that could be generic for a whole class of variables, 
or more specific for certain instances or group of instances. The specific filters are more useful it fine control is 
required. 

k> The Densitv (or Concentration) of a bk>rool is the result of multiple interactions and is represented as a 

dirferential'equation in the present embodiment. Alternatively, it could be represented as a discrete-t.me linear 
<vstem or a continuous-time linear svstem of equations, or whenever the Shell is able to handle vector*, as their 
equivalent matrix svstem. Difference or differential equations can be converted to state torm. and the >tate 
variables of the svstem are them described as a state vector, the coeft.cients of the variables are de*nbed a> a 
astern matrix and the forcing terms are described as the forcing vector, following standard procedures 
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TABLE I 



I. Group of variableStructores 

Group of Parameters 
Group of Variables 
Class Lisis 
Class Array 

II. Group of visualQhjevts 
A. Auxiliary Tools 

Class Button 

Class Graph-Tracer 

Class scaled-BR-graphTracer 
Class absolule-BR-grapliTracer 
Class scaled-BP-grapliTracer 

Class Lists-Tracer 

Class BR-cliaining-Tracer 
Class BP-chaining-Tracer 
Class Query-Tracer 
Class Basal-Uensiiy -source-Tracer 
Class BR-scroll-Traccr 

Class Path -Tracer 
Class Down-paUi-Tracer 
Class Up-path-Tracer 
Class Complex -paili-Tracer 

Class Action-Button 

Class go-KHSw-Buiion 
Class palcueBution 
Class go-to-us-Buuon 
Class iiidc-ws-Buunn 
Class go-to-sup-obj-Buuon 
Class Cliange-Modc-Button 
Class Resize-Bulton 

Class bioConnection 

Class P-conncction 
Class R-conncction 
Class Link 
Class Line 
Class Graph-Link 
Class Icon-Wire 

Class bioPost 
Class hioPool-Pnst 

Class bioPool-R-Post 

Class bioPool-P-Posl 
Class hioRole-Post 

Class hioRcactant-Post 

Class hioProduci-Post 

Other Tools 
Class Inference-block 
Class Model-block 
Class Model-box 
Class Experiment-Selection 
Class bioEntity-Noies 
Class hioRclerciicc 



B. Cbss hioOhject 

Class bioView'Object 
Class bioModel 
Class bioProcess 
Cbss bioReservoir 
Class bioEntity 

Cbss bioKole-Object 

Class bioReacianl 
Class bioProduct 

Cbss bioN ode- Object 

Class bioPool 
Class sol-mol-pool 
Class hound-mol-pool 
Class mcmbr-bound-mol-piH»l 

Class hioEngine 
tsec subclasses in TABLE 62) 

C. Group of Panels 

Selection-Panel 

Query-Panel 

Entry-Panel 

D. Group of Panel.Controls 

Class Togsie-Buliom 
Class Radio- Buttom 
Class Check-Box 
Class Type-in-Box 

R. Group of Displays 
Class Graph 
Class Scroll Area 
Class Message 



IV. Group of Inference and 
Simulation Structures 

Class Relation 
Class Rule 

Class Tabular-Function 

Class Generic-Formula 

Class Gcneric-Simulation-Formula 

Class Specilic-Ft>rmula 

Class Specific-Simuiauon-Formula 

Class Uniis-iil -Measure- Declaration 

Cbss Uscr-Mcnu-Choice 

Class Procedure 



WO 96/22575 



PCT/US96/00883 



TABLE 02 



Class name 
Superior class 
Attributes specific to class 
Inherited attributes 
IXM'auh setting 



outcome-par 

svmbobc-pararameicf 

none 

"nUial value for syrorwbc-narameici: witlun-threshold 



TABLE 03 



Class name ""•P af 

Superior class mtever-parameter 

Attributes specific to class none 

Default setunes options for paramctet : do toward ctuin 
Icon desenpuon 40: hcighi 40: 



Class name 
Superior class 
Attributes specific to ciass 
Default sellings 

Class name 
Superior class 
Attributes specific to class 
Default settings 
Attribute displays 
Icon description 

Class name 
Superior class 
Attributes specific to class 
Default sellings 
Attribute displays 



wnenition-number-par 

ini-par 

none 

initial value for integer-parameter: I 



x-nos 
ini-par 
none 
none 

lasi-recorUed- value at standard position 
width 50: height 18: 



y-pos 
int-par 
none 
none 

last recorded-value at standard position 



Icon description »iJih 50: height 18: 



TABLE 4 



Class name 
Superior class 
Attributes specific to class 
Default sellings 



float-par 

lloat-parameicr 

none 

options for parameter: do forward chain 
initial value lor iloat- parameter: 0.(1 



Class name 
Superior class 
Attributes specific to class 
(X-fauli sellings 

Class name 
Superior class 
Attributes specific to class 
Default settings 



phenorype-par 

float-par 

none 

daia ty pe for quantitative-parameter: per cent 

cell-numbcr-par 
Iloat- par 
none 

data rvpc lor quanlitauvc-parameter: ceti^ 



Class name 
Superior class 
Attributes specific to class 
Default sellings 



cell-radius- par 

float-par 

none 

data type lor quanuiaiive-parameter: microns, 
initial value for quanliiauve-paiamcler: 10 



Class name 
Superior class 
Attributes specific to class 
IX-fauli setting* 



cell- mass-par 

float-par 

none 

initial value lor float-parameter: 0.0 



Class name 
Superior class 
Attributes specific to class 
Default seiungs 



companmeni-suxiace-par 
float- par 

none M 

initial value for quantilalive-parameler 41 

data ty pe for quantitative-parameter sq- microns 



Class name 
Superior class 
Attributes specific to class 
Default sctuncs 



companmeni-volume-par 
float-par 

none Q M 

initial value for quantitative-parameter V Ve-w. 
data type lor quanniauvc-parameier: liters 



Class name 
Superior class 
Attributes specific to cbs 
Default settings 



cell-volume-par 
floai-par 

n<MK it 1 1 

initial value lor quanlilal) ve-parameiet I .>».• u • 

dalu ty pc lor quanlilauvc-parameler: bier- 
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TABLE 5 



C!a:.s name 
Superior class 
Attributes specific to class 
Default settings 



temperature par 

float-par 

none 

innij) value for float -parameter: 37.0: 

Jala type for quantitative -parameter, degrees 



C!i-.i name 
Superior class 
Attributes specific to class 
Dei'auit settings 

Class name 

Superior class 

Al tributes specific to class 

Default scttincs 



temptaetor-par 
float -par 
none 

initial value for float-parameter: 1.0 

pH-par 

float-par 

none 

initial value fur float-parameter: 7.4 



Class name 
Superior class 
Attributes specific to class 
IX-fault scttincs 



pH-iactor-par 

float-par 

none 

initial value for float-parameier: 1.0 



Class name 


bias-par 


Superior class 


float -par 


Attributes specific to class 


none 


Default settings 


initial value for float-parameter: 0.0 


Class name 


alplia-cocff-par 


Superior class 


float-par 


Attributes specific to class 


none 


Default sellings 


initial value for float-parameter: 1.0 


Class name 


tau-coeff-par 


Superior class 


float-par 


Attributes specific to class 


nooc 


Default settings 


initial value for float-parameter: 1.0 


Class name 


raie-constant-par 


Superior elass 


float -par 


Attributes specific to class 


none 


Default settings 


initial value for float-parameter: 0.0 


Class name 


cell-pros: ressioii-ruie-consiani-par 


Superior class 


raie-constani-par 


Attributes specific to class 


none 


Default sellings 


initial value for float-parameter: 0.0 



TABLE 6 



Class name 


physiol-amount-par 


Superior class 


float -par 


Attributes specific to class 


none 


Default settings 


initial value for float -parameter: 9.9e-99 


Class name 


phy siol -cone-par 


Superior class 


physiol-amount-par 


Atinbuies specific to class 


none 


Default settings 


data type for quantitative-parameter: molar 


Class name 


phy s ioKle nsi ty - par 


Superior class 


physiol-amount-par 


Attributes specific to class 


none 


Default settings 


Jala type for quantitative-parameter upce 


Class name 


physiol-ccll-conc-par 


Superior class 


physiol-amuuni-par 


Attributes specific to class 


none 


Default sellings 


Jata type for quantitative-parameter: ce-p-m! 



Class name physiol-cell-Uensity-par 

Superior class physiol-amount-par 

Attributes specific to class none 

Default sellings data type for quantitative-parameter, ce-p-co 



Class name scalinc-densiiy-par 
Superior class float-par 
Attributes specific to class sei-hy-user is false 

Default settings initial value for quantitative-parameter: 99.999: 

data type for quantitative-parameter: upce 
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TABLE 7 



Class name 
Superior class 
Attributes specific 10 class 
Default seuincs 



basal-amouni-par 

floai-par 

none 

initial value lor lloai-paramcler: 9.9e-99 



Class name 
Superior class 
Attributes specific to class 
Default seuincs 



basal-conc-par 

basal-amount-par 

none 

data typo for quantitative-parameter ni 



Class name 
Superior class 
Aiuibuies specific lo class 
Default seuincs 



basal-quamiry-par 
basal-amount -par 
none 

data type lor quantitative-parameter, units 



Class name 
Superior class 
Attributes specific lo class 
Default seuincs 



hasal-densiiy-par 
basal-amouni-par 
none 

data rype for quantitative-parameter upce 



Class name 
Superior class 
Inherited attributes 
Default settings 


basal-cell -cone-par 

basal-amouni-par 

none 

data type forquamitative-parameier cepl 


Class name 
Superior class 
Inherited attributes 
Default sciunss 


basal -cell -density -par 
basa 1 - amount-par 
none 

data type for quantitative-parameter: cepco 


TABLE 8 


Class name 
Superior class 
Attributes specific to class 
Default settings 


lime-delay-par 

inl-par 

none 

daia type lor quantitative-parameter: seconds:' 
initial value for integer-parameter 0 


Class name 
Superior class 
Attributes specific to clxss 
Default sellings 


elapsed-simul -lime- par 

im-par 

none 

data rype for quantitative-parameter seconds 


Class name 
Superior class 
Attributes specific to class 
Default sellings 


activaiiou-inierval-par 

floai-par 

none 

daia type forquaniiiaiivc-parameier: seconds 


Class name 
Superior class 
Attributes specific to class 


cloek-inierval-par 

aciivaiion-inierval-par 

none 


Class name 
Superior class 
Attributes spec U ic io class 


lime -interval -par 

activatiun-inicrval-par 

none 


Class name 
Superior class 
Attributes specific to class 


deactivation-interval-par 

lluat-par 

none 


Class name 
Superior class 
Aiuibuies specific to class 
Default settings 


timer-count -down-par 

int-par 

none 

initial value for float-parameter: 8WOO.0 
daia tvpe for quaniitaiive-parameier: seconds 



Class name 
Superior class 
Attributes specific to clxss 
Default seuincs 



timer -couni-up- par 

lloai-par 

none 

initial value for floai-parameier: 0.0. 

Jala type lor quantitative-parameter: seconds 



it 
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TABLE 9 

Class name lloai-pvar 

Superior class float-parameter 

Atlrihuics specific in class none 

Inherited auribuies none 

Default sellings options lor parameter: do forward chain 

Icon description float-pvar-paiiern (width 50: height 40) 

Class name entry-pvar 

Superior class lloat-pvar 

Atiributcs specific to class none 

inherited attributes none 

Default settings history keeping spec: keep history wiih 

maximum number of data poinis ~ 4 



v, lass name 
Superior class 
Attributes specific to class 
Default sellings 


AldlLU-llllI % [' » til 

entry-pvar 
none 

initial value for quantitative-parameter: 0.0 


name 
Superior class 
Attributes specific to class 
Default settings 


•mini int _pn! i*\i_nv M ir 

mi iuuui -vim }-p>m 

entry-pvar 

none 

initial value for quantitative-parameter: 0.0 


^_ Ul33 II 111 lit 

Superior class 
Attribuies specific to class 
Default sellings 


amount -entry-pvar 
none 

data type for quantitative-parameter: m 


Class name 
Superior class 
Attributes specific to class 
Default settings 


densiiy-emry-pvar 
amount-cniry-pvar 
none 

data type for quantitative-parameter: upec 


Class name 
Superior class 
Attributes specific to class 
Default settings 


quaniity-cniry-pvar 

amount-cntry-pvar 

none 

data type for quantitative-parameter: units 


Class name 
Superior class 
Attributes specific to class 
Default sellings 


cell-conc-eniry-pvar 
.amount -entry-pvar 
none 

data type for quantitative-parameter: ccp) 


Class name 
Superior class 
Attributes specific io class 
Default settings 


cell-dcnsity-eniry-pvar 

amount-cnuy-pvar 

none 

data type forquaniitative-paranieicr: cepco 



Si 
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TABLE 10 



Class name amouni-pvar 
Superior class float -pvar 

Aitrihuies specific to class none 

Default settings initial value lor float-parameter: 9.9e-99, 

history keeping spec: keep history with 
maximum ace of data points = 10 minutes 



Class name accumulation-pvar 

Superior class amouni-pvar 

Attributes specific to class none 

Default settings none 

Class name scaled-amount-pvar 
Superior class float-pvar 
Attributes specific to class none 

Default settings initial value lor float-parameter: 9.9e-99. 

history keeping spec, keep history with 
maximum ace of data points = 10 minutes 



Class name 
Superior class 
Attributes specific to class 
Default settings 

Class name 
Superior class 
Attributes specific to class 
Default sellings 



conc-pvar 

amouni-pvar 

none 

data type for quantitative-parameter: m 

density-pvar 
amouni-pvar 
none 

data type forquaniiiativc-parameter: upec 



Class name 
Superior class 
Attributes specific to class 
Default settings 

Class name 
Superior class 
Attributes specific to class 
Default settings 



cell-conc-pvar 

amount-pvar 

none 

data type for quantitative-parameter: cepl 

cell-dcnsity-pvar 

amouni-pvar 

none 

daia type for quantitative-parameter: cepco 



Class name 
Superior class 
Attributes specific to class 
Default sellings 



quant ity-pvar 

amouni-pvar 

none 

daia type for quantitative-parameter: units 



Class name 
Superior class 
Attributes specific to class 
Default settings 



contribuiion-pvar 

float-pvar 

none 

initial value for float-parameter. 9.9e-99: 
hisioiy keeping spec: keep history with 
maximum age of data points = 10 minutes 



WO 96/22575 



PCI7US96/00883 



TABLE 1 1 



Class name rate-pvar 
Superior class float-pvar 
Attributes specific to class none 

Default settings initial value lor float-parameter: 0.0: 

history keeping spec: keep history with 
maximum age of data points = 10 minutes 



Class name binding-rate-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 



Class name tranloeation-rate-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 



f*1 'ICC I\*1ITW* 

V»Ul3o Hill IK. 


:u*t i v:il inn-r:ilP-nvrir 

UVl 1 \ till! HI 1 till |f > til 




nit£-nv:ir 
■ mi. ii > tii 


Attributes specific to class 


none 


Default settings 


none 


name 


intcraction-raie-ovar 


^interior class 


rate-pvar 


Attributes specific to class 


none 


Default settings 


none 


Class name 


ccll-progrcssion-raic-pvar 


Superior class 


rate-pvar 


Attributes specific to class 


none 


Default settings 


none 


Class name 


produc-rate-pvar 


Superior class 


rate-pvar 


Attributes specific to class 


none 


Default settings 


none 


Class name 


consum-ratc-pvar 


Superior class 


rate-pvar 


Attributes specific to class 


none 


Default settings 


none 


Class name 


output-raic-pvar 


Superior class 


rate-pvar 


Attributes specific to class 


none 


Default settings 


none 


Class name 


inpul-rate-pvar 


Superior class 


rate-pvar 


Attributes specific to class 


none 


Default settings 


none 
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TABLE 12 



Class name velocity-pvar 

Supcnor class floai-pvar 

Attributes specific to class none 

Menu option not a f> |)al menu choice 

Default seitmcs none 



Class name cnzynie-velocity 

SuperioT class velocity-pvar 

Attributes specific to class none 

Menu option not a final menu choice 

Default settings none 

Class name receptor-velocity 

Superior class velocuy-var 

Attributes s|vcific to class none 

Class name complex-formaiion-velocity 

Superior class velocity-pvar 

Attributes s|vcific to class none 



Class name " complex-dissoc-velocity 

Superior class velocuy-pvar 

Attributes specific 10 class none 

Class nana- ioii-transport-vclociiy 

Superior class velocity-pvar 

Attributes sjwcific to cla>s none 

Class name conform-chaiiac-vclociiy 

Superior class veiocny-pvar 

Attributes specific to class none 



Class name translocation-velociiy 
Superior class velocity-pvar 
Attributes specific to class none 

TABLE 13 

Class name float- var 

Superior class float-variable 
Attributes specific u> class none 
Inherited aitrihutes none 

Default settinss options for variable: do lorward chain, do 

not backwa/J chain: 
data server: CZ simulator: 
validity interval: indefinite: 
■supply simulauuii-suhiable 

Stubs inherited 

Class name velocity- var 

Superior class floai-var 

Attrihuies specific to class none 

Menu option » find nK * nu *- n oice 

Default settings none 

Class name coneemraiion-var 

Superior class floai-vax 

Annbuies specific to class none 

Menu opium a final menu choice 

Default settings none 

Class name density- var 

Superior class float- var 

Attributes specific to class none 

Menu option a final menu choice 

Default settinss "one 



Class name kincnc-paramcier-var 

Superior class float-var 

Annbuies specific to class none 

Menu option ; < " n:iJ nK ' nu t -' lh,lw 

Deiault senium »>'i'a» v: 'lue l,,r float-variable: V.S»e-W 
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TABLE 14 



Class name 
Superior class 
Attributes specific to class 
Default sellings 



Class name 
Superior class 
Attributes specific to class 
Default settines 



Class name 
Superior class 
Attributes specific lo class 
Default settincs 



model-hlock-var 

float-var 

none 

default update interval: 3 seconds 
supply simulation subiable: 



model-bltH-'k-ouiput-var 

ftoat-var 

none 

validity interval: indefinite: 

history keeping spec: keep history with maximum ace of data points = 20 minutes: 
initial value for float- variable: i.Oe-19: 
default update interval: 3 seconds 



graph-iransf-v:ir 

hoat-var 

none 

initial value for float-variable: 0.0: 
default update interval: 3 seconds: 

historv keepinc spec: keep hisiorv with maximum ace of data points = 10 minutes 



TABLE 15 



3 



Class name 

Superior class 

Attributes specific to class 



InlK-rited attributes 
Default settines 



Attribute displays 



Icon description 



iransl-facior-viir 
float-variable 

transform is given by a graph-iransl'-var: 

ret- variable: 

Libel: 

x is x 

none 

initial value for float-variable: 0.0: 
default update interval: 3 seconds: 

historv keeping spec: keep history with maximum number of data points = 3 

label offset by"(- 148. 7): 

x offset by (-20. 7) 

last-recorded- value offset by (- 10. 6 1. 

transf-facior-v:ir-paUcrn (width 320: height 24: edge-color = foreground! 



Class name 

Superior class 

Attributes specific lo class 



vclociiy-ininsf-lactor 
transf-factor-var 
hihcl is sealed-veloeitv 



Class name 
Superior class 
Attributes specific to class 



inpul-tnuisl-lnclor 
iransl-factor-var 
kibel is input-nite 



Class name 

Superior class 

Attributes specific to class 



output-transf-lacior 
transf-factor-var 
label is output-rate 



Class name 

Superior class 

Attributes specific to class 

Class name 
Superior class 
Attributes specific to class 

Class name 

Superior class 

Attributes specific to class 



accurn-iransf-facior 

transf-factor-var 

label is accumulation-rate 

sealed-ainoum-lraiisf-facior 

transf-lactor-var 

label is scaled-cone 



dcnsjiy-traiisf-ractor 
transf-factor-var 
label is density 



Class name 

Superior class 

Attributes specific to class 



conc-transf-facior 
iraml-l'actor-var 
label is concentration 
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TABLE !fi 



Class name 
Superior class 
Attributes specific in class 

Default sellings 
Atuibuic displays 
Icon description 



query-array 

symbol -array 

major-class: 

rcf-componcnt-class 

initial values lor symbol-array: none 

rcf-component-class ai (-10. -15) 

qucry-array-pattern (width 38: height 38: 

medium-orchid, cyan) 



a query-array 

Names nonr 

Array lenght 0 

Element type symbol 

Initial values none 

Major class none 

Rcf component class none 



TABLE 17 



Class name 
Superior class 
Attributes specific to class 
Default sellings 
Attribute displays 
Icon description 



references-array 
icxi-array . 
none 

initial values for symbol -array: none 
re f-componcnt-class at ( ' - 1 0. - 1 5) 
rclcrcnccs-array-paticrn (width 38: height 38: 
violet, cvan* 



TABLE 18 



Class name 
Superior class 
Attributes specific to class 

Default settings 
Attribute displays 
Icon description 



query-list 
symbol-list 
lenchi is 0: 
rcf-array 

allow duplicate elements lor g2-list: no 
rcf-array at (-10. -15> 
qucry-lisl-paltern i width 3<r. height 40: 
salmon: medium-blue) 



a qucry-lisi 

Names 

Element type 

Allow duplicate elements? 

Lenght 

Refarrav 



none 
symbol 
no 
0 

none 



TABLE 19 



Class name 
Superior class 
Attributes specific lo class 
Class restrictions 

Default settings 
Attribute displays 



seroll-icxi-list 
text-list 

label is scroll-list 

unless in administrator or developer mode: 

selecting any c-scroll-tcxt-lisi implies describe 
allow duplicate elements for g2-list: no 
label offset bv (-32. -25) 
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PCT/US96/00883 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 

Icon description 



hioitem-list 

item-list 

none 

unless in administrator or developer mode: 

selecting any bioitem-list implies describe 
hioiiem-lisi-paiiern (width 36: height 40) 



Class name 
Superior class 
Attributes specific to class 
Default sellings 

Attribute displays 
Icon description 



expenmcni-selections-lisi 
bioiiem-list 

label is "Exper. Selections" 

allow duplicate elements for g2-list: no: 

element tvpc for item-list: experiment-selection 
label offset'hy (-65. -26) 

experiment-seleciions-list-pattem (width 36: height 40) 



Class name bioreservoirs-list 
Superior class bioiiem-list 

Attnbuies specific to class list-is-complcted has values true or false (default is FALSE): 

label 

Default settings element type for item-list: bioreservoir: 

allow duplicate elements for c2-list: no 
Icon description biorcservoirs-Jisi-pattern t width 3fS: height 40) 

Class name downsircam-hiorescrvoirs-lisl 

Superior class bioreservoirs-list 

Attributes specific to class label is "DBRL" 

Attribute displays label offset by t-26. -25) 



Class name bioprocesses-lisl 
Superior class bioitem-list 

Attributes specific to class list-is-conipleted has values true or false 

(default is FALSE): 
label 

Default settings element type lor item-list: hioprocess: 

allow duplicate elements tor g2-list: no 
Icon description inherited 

Class name downstream-bp-simulation-list 

Superior class bioproccsses-list 

Attributes specific to class label is "SDBPL" 

Attribute displays label offset by t-30. -25 » 

Class name hm-downsircam-bp-simulaiion-lisi 

Superior class downstream-bp-simulaiion-lisi 

Attributes specific to class rci'-hiomodel 

Inhented attributes label is "SDBPL" 

Attnhuie displays inlicriicd 



Class name neural inputs-lisi 

Superior class hionem-list 

Attributes specific to class label is "N In" 

Attribute displays label offset by (-25. -26) 

Icon description neural-inputs-paiiem twidth 36: height 40i 



Class name neural-outpuis-list 

Superior class bioiiem-list 

Attributes specific to class label is "N.Out" 

Attribute displays label offset by (-25. -26) 

Icon description jieural-outputs-list-paiiem i width 36: height 40) 



Class name pathcross-bp-list 

Superior class hioprocesses-list 

Attributes specific to class label is "XBPL" 

Aitribuie displays label offset by (-26. -25) 

Icon description patlK:ross-bp-pallern < width 36: height 40t 

Class name patlx.-ross-hr-list 

Superior class bioreservoirs-list 

Attributes specific to class label is "XBRL" 

Attribute displays label offset by i-26. -25) 

Icon description paiheross-hr-lisi-paiiern i width 36. height 40) 
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Class name hioim>l 

Superior class object 

Attributes specific u» class none 

Menu option not a final menu choice 



TABLE 22 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Menu option 
Icon description 



model-block 
biotool 

output- 1 is given by a model-block -outpul-var 
unless in administrator or developer mode: 

menu choices exclude additionally: move. name, change-size, 
color, describe, create-subworkspace: 
when in simulation, navigation, or general mode: 

menu choices exclude additionally: clone, delete. 

attributes visible exclude additionally: notes, names 
not a final menu choice 
modol-block-paltem 



Class name 

Superior class 

Attributes specific to class 



proportional.!" 
model-block 

input- 1 i* given by a model-block- var. 
gain is 1.0: 
bias is 0.0 



Class name 

Superior class 

Attributes specific to class 



sigmoid.l 
model-block 
input- 1 : 
sain is 1.5: 
bias is 0.0 



Class name 

Superior class 

Attributes specific to class 



exp.c.pdf 
mixicl-block 
mean is 0.0: 

x-val is siven hv a model-block-var 



Class name 

Superior class 

Attributes specific to class 



unil'.c.pdf 
model-block 
min-val is l.Oc-5: 
max-val is 1.0: 

x-val is erven by a model-block-var 



Class name 

Superior class 

Attributes specific to class 



uiul.m.l 
model-block 
min-val is I .Oe-5: 
max-val is 1.0 



Class name 

Superior class 

Attributes specific to class 



normal.i.pdl 
mode I -block 
mean is 0.0: 
min-val is 1 .0e-5: 
max-val is 1 .0. 
x-val 



Class name 

Superior class 

Attributes specific to class 



sin. time. I 
model-block 
min-val is 1 Oe-5: 
max-val is 1 .0: 
frequency is 25: 
gain is 2: 
bias is 1 .0 



generic. model. block 
model-block 



Class name 
Superior class 

Attributes specific to class p i: P 2: p..V. p.4: p..v. p.6: p.7:_p.X ' P - 

v.l: v. 2: v. V v.4: v. 5: v.o: v. ;: v.K: v.V 
Icon description generic.iiiodel.block-paiieni tonmicd) 
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TABLE 23 



Class name 
Superior class 
Attributes specific 10 class 



Class restrictions 



Menu option 
Attribute displays 
Stubs 

Icon description 

Class name 
Superior class 
Attributes specific to class 
Menu option 



inference-block 
biotool 
label is ""; 
description is '"; 

outcome is given by an outcome-par; 
beta-coeff is given by a beta-coeff-par 
unless in administrator or uil-build mode: 
menu choices exclude additionally: move. name, change-size, 
color, describe, ereaie-subworkspace. roiate-refleci: 
when in simulation, navigation, or explorer mode: 
menu choices exclude additionally: clone, delete; 
attributes visible exclude additionally: notes. 

names, user-restrictions 
not a final menu choice 
label offset by (-35. 45) 
a p-connection located at right 26 
width 52: heieht 52; foreground 



deacuvation-bloek 

inference-block 

none 

not a final menu choice 



Class name 
Superior class 
Attributes specific to class 



Class name 
Superior class 
Attributes specific to class 



ume-dcaciivaiion-block 
deaeuvation-block 

time-interval is given by a deactivaiion-inierval-par; 
time-threshold is 9.9e99 



event-deaciivauon-block 

deacuvation-hlock 

none 



Class name 
Superior class 
Attributes specific to class 
Icon description 



activation-Nock 
inference-Mock 
none 
inherited 



Class name 
Superior class 
Attributes specific to class 

Icon description 

Class name 
Superior class 
Attributes specific to class 

Icon description 



ume-activauon-block 
ucuvauon-hlock 

time-interval is Given bv an aciivauon-iiiierval-par: 

lime-threshold is 9.9e99 

inherited 

checkpoint-io-iloor-block 
acuvauon-block 

checkpoint is civen bv a checkpoint- var; 

threshold is 9>e99 

inherited 



checkpoint-to-ceilinc-block 
activation-block 

checkpoint is given by a checkpoint-var: 
threshold is 9.9e99 
Icon description inherited 



Class name 
Superior class 
Attributes specific to class 



a checkpouu-io-cciling-hlock 

Names none 
Label 

Description 

Outcome within-threshold 

Beu coei'f 0.0 
Checkpoint 

Threshold 9.9e99 



?7 
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TABLE 24 



Class name 
Superior class 
Attributes specific 10 class 
Icon description 



button 
hioiool 

toaele-siaie has values show or hide (delauli is HIDEi 
hurton-pauem (width 22: height 22: dark- 
color = dim-gray, light-color = light-gray i 



Class name 
Superior class 
Attributes specific to class 



Class restrictions 



action-button 

button 

label: 

state has values enabled or disabled: 

action-proc-namc: 

unless in administrator mode: 

selectinc any action-button implies select: 
unless in administrator, developer, or modeler mode: 
non-menu choices exclude additionally: move-object 



Class name 
Superior class 
Attributes specific to class 
Icon description 



hide -su p-ws-bution 
action-button 

action-proc-namc is HIDE-SUP-WS-CALLBACK 
hide- sup- ws- button-pat tern 



TABLE 25 



Label 

Applicable class 

Condition 

Action 



an uscr-menu-choice 

select 

action-button s " 

the state of the item is enabled 

start BUTTON-HANDLER-CALLBACK (the item, this window i 



BUTTON- HANDLER-CALLBACK (button: class action-button, win : class window! 
start the procedure named by the action-proc-namc of button ( button, win): 
change the color-pattern of button so that light-color is light-gray. 

dark-color is dim-gray : 
conclude that the toggle-state of button is show, 
if button has a lace-color FC then change FC to gray 



TABLE 2ft 



HIDE-SUP-WS-CALLBACK (button: class action-huiion. win: class window* 
WS - the workspace of button: 
OBJ = the object superior to WS: 
change the size of WS to minimum: 
hide WS on win: 

il the user-mode of win is not simulation then: 
if OBJ is a bioprocess then: 

chance the status-color ol OBJ to slate-blue 
else il OBJ is a bioreservoir then: 
chance the status-color of OBJ to medium-aquamarine: 
if the toggle-state ol OBJ is show then conclude that the 
toggle-state ol OBJ is hide. 



is 
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Class name change-modc-buiion 
Superior class action-button 

Attributes sped lie to class action-priH.-nanic is CHANGK-M< )DK -CALLBACK : 

mtxlc has values administrator, developer, modeler, 
explorer, simulation, default is MODELER 
Icon description change-modc-button-pattern 



CHANGE-MODE-CALLBACK (button: class change-modc-buiion. win: class 
window ) 

mode = the mode of button: 
call CHANGE-MODE-PROC (mode, win i: 
tor each change-mode-buiion B upon ihc workspace of button do 
change the color-paitcm of B so that face is forcsi-green: 
change the color-paticm of button so thai face is green: 
return: 



CHANGE-MODE-PROC (mode: symbol, win : class window) 
tl the text of the g2-user-modc of win /= "simulation" and mode is simulation then 
inform the operator that "The subworkspaccs of all bioRescrvoirs and all 

bioProcesses will be deactivated": 
for BR = each bioreservoir do 
allow other processing: 
if the subworkspacc of BR exists then 
deactivate die subworkspace of BR: 
change the status-color icon-color of BR to aquamarine : 
inform the operator that "The subworkspaccs of all bioRescrvoirs have been 

deactivated": 
for BP = each bioproccss do 
allow other processing; 
if the subworkspace of BP exists then 
deactivate the subworkspace of BP: 
change the status-color icon-color of BP to aquamarine: 
inform die operator that "The subworkspaces of all bioProcesses have been 
deactivated": 

else 

if the text of the g2-uscr-nMKle of win - "simulation" and mode is not simulation then 
inform the operator that "The subworkspaces of all 

bioRescrvoirs and all bioProcesses will he activated": 
lor BR = each bioreservoir do 
allow other processing: 

if die subworkspace of BR exists then activate the subworkspace of BR: 
inform the operator that "The subworkspaccs of all bioRescrvoirs have been 

activated": 
for BP = each bioprocess do 

allow cither processing: 

if the subworkspacc of BP exists then activate the subworkspace of BP: 
inform the operator that "The subworkspaccs of all bioProcesses have been 
activated": 
case (mode) of 
administrator: 

chance the text of the g2-user-mixlc of win to "administrator": 
developer: 

change the text of the g2-uscr-modc of win to "developer": 
modeler: 

change the text of the g2-uscr-mode of win to "modeler": 
general : 

change the text of the g2-uscr-modc of win 10 "general": 
navigation : 

change die text of the g2-uscr-nuxlc of win to "navigation "; — 
simulation: 

change the text oi" the g2-uscr-modc of win n> "simulation" 
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TABLE 1% 



3 



Class name .paih-uaccr 

Superior class button 

Atuihuics specific to class none 

Class restrictions unless in adminisuator or developer mode: 

selecting any^iaih-uaccr implies snow 

Menuopiion noi a final menu choice 

Icon description paih-iracer-paucm i width 1 4. height - 1 ) 

Class name down-path-traccr 

Superior class patli-iracer 

Atuibutes specific to class none 

Icon description down-path-uacer-pattem 

Class name . up-path -tracer 

Superior class path-tracer 

Attributes specific to class none 

Icon description up-path-iraccr-patiern ( width 14: height J» 

Class name navig-path-lraccr 

Superior class path-tracer 

Attributes specific to class none 

Icon description up-path-traccr-pattem t width 14: height *0) 

TABLED 

an uscr-mcnu-choice 

Label show 
Applicable class path-tracer 

AcS M>n st°an PATH-TRACER-H ANDLER-PROC ( the item, 

this window) 

PATH-TRACER-HANDLER-PROC (tracer: class path-tracer, win: 
class window) 
il the toaclc-statc ol tracer is hide then 
i f the subworkspacc ol uaccr exists then 
case the class ol tracer is 
up-path-iracer: 
call DRAW-UP-PATHWAY-PROC ttracer. win i: 

down-path-tracer : 

call DRAW-DOWN-PATHWAY-PROC (tracer, win): 
complex-down-path-tracer : „ . , 

call DRAW-COMPLEX-DOWN-PATHW A^i -PROC (tracer, win): 

v if the toc«jle-siaie of tracer is show then 

il the"SW ol uaccr exists then hide the SW ol uaccr: 
call CONFIGURE -TRACER-PROC (tracer, win): 

return _ 

CONFIGURE -TRACER-PROC ( uaccr: class uaccr. win: class window) 
case the toggle-state ol uaccr is 

'"chance the color-pattern of uaccr so that light-color is dim-gray, 
dark-color is lighi-eray . white-color = the symbol black: 
conclude that the* toggle-state ol uaccr is show: 

S ' chance the color-paiicm of uaccr so that light-color is light-gray, 
dark-color is dim-gra\ . whitc-coior = the symbol white: 
conclude that the toggle-state ol tracer is hide: 
return 



TABLE30 



Class name lisis-traccr 

Superior class button 

Attributes specific to class none 

Class restrictions unless in administrator or developer mode: 

selecting any lists-tracer implies show: 
non-menu choices exclude additionally: move-object: 

Menu option not a final menu choice 

Icon description lisis-iraeer-pauem ( width 1 4: height 2 1 ) 

Class name bp-chaininig-traeer 

Superior class lists-tracer 

Attributes specific to class none 

Icon description bp-chaininig-traccr-paitem 

Class name hr-chaininig-iraccr 

Superior class lists-tracer 

Attributes specific to class none 

Icon description br-chaininig-tracer-pattem < width 14: height 20) 



Class name basal-density-source-tracer 

Superior class lists-tracer 

Attributes specific to class none 

Icon description hasal-density-sourcc-iruccr-patiern i width ^4: height 24) 

Class name hr-scroll-tracer 

Superior class lists-tracer 

Attributes specific to class none 

Icon description br-chaininig-iraccr-paitem i width 1 1ft: height 30) 

Class name query-tracer 

Superior class lists-tracer 

Attributes specific to class none 

Class restrictions unless in administrator or developer mode: 

selecting any query-tracer implies show: 
non-menu choiccs'exclude additionally: move-object: 

Icon description lists-iracer-patiem (width 14: height 21) 



TABLE 31 

an user-menu-clioicc 



Label show 

Applicable class lists-tracer 

Condition none . , 

Action start L1ST-TRACER-HANDLER-PROC (the item, this window i 

LIST-TRACER-HANDLER-PROC (tracer: class tracer, win: class window) 
if the toggle-state of tracer is hide then 
cascllicTclass of tracer is: 
bp-chaininic-iraccr: 

call BP-CHAINING-PROC (the bioproccss superior to the WS ol tracer, wmi: 
hr-chaininie-uaccr : . 
call BR-CHAINING-PROC (the hiorcservoir superior to the WS ol tracer, wini: 

hr-scroll-tracer: 
call BR-SCROLL-PROC (tracer, win): 
else if the toggle-state ol tracer is show and the SW of tracer exists then 

dclcie the subworkspacc ol tracer: _ 
call CONFIGLTRE-TRACER-PROC (tracer, win): 
return 
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TABLE 32 



Class name graph-tracer 

Superior class buuon 

Auributcs specific to class none 

Class restrictions when in simulation or developer mode: 

selecting any graph-tracer implies show-plot: 

Menu option not a final menu choice 

Icon description graph-tracer-pattcrn (width 14: height 20) 



Class name sealcd-br-graph-iraecr 
Superior class graph-tracer 
Attributes specific to class none 

Icon description scalcd-hr-graph-traecr- pattern (width 14: 

hei«:hi20) 



Class name absolute-br-graph-tiacer 
Superior class graph-tracer 
Attributes specific to class none 

Icon description absoluic-hr-eranh-traccr-paucrn (width 

14: hciuht 21) 



Class name scaled-bp-graph-iracer 
Superior class graph-tracer 
Attributes specific to class none 

Icon description scalcd-bp-graph-traccr-paiiern (width 14: 

heisht 20) 



TABLE 33 



an uscr-mcnu-choice 
Label show-plot 
Applicable class graph-tracer 

Condition the user-mode of this window is simulation or the user- 

mode ol" this window is dev eloper 

Action start TRANSF-GRAPH-TRACER-HANDLER-PROC 

(the item, this window) 



TRANSF-GRAPH-TRACER-HANDLER-PROC (tracer: class graph - 
tracer, win: class window ) 
it' the toggle-state of tracer is hide then: 
if the SW of tracer exists then 
make the SW of tracer transient: 
delete the SW of tracer: 
case the class of tracer is 
scaled-br-sraph-traccr: 

call SCALED-BR-TRANSF-GRAPH-PROC (tracer, win), 
scalcd-bp-araph-traccr: 

call SCALED-BP-TRANSF-GRAPH-PROC (tracer, win): 
absolutc-br-craph-»raccr: 

call ABSOLL'TE-BR-TRANSF-GRAPH-PROC (tracer, win): 
else if the toggle-state of tracer is show then 

delete the SW of tracer: 
call CONFIGURE-TRACER-PROC (tracer, win): 
return 
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TABLE 34 



Class name 
Superior class 
Attributes specific to clas> 



Class restrictions 



Attribute displd\> 
Icon description 



rel'erciKC-hkiek 
hiolool 

id. witli an index: 
short-ret" is "". with an index: 
unique-identifier, with an index: 
author-s is "Sniiih AB. Morris AD. 
uile is ""; 

insinmion is "Dept. institution. Country": 
journal is "Journal Full Name Kef: 
abstract is "" 

unless in administrator, developer, or modeler mode: 
menu choices exclude additionally: transfer, name. 

roiaie-refleci. chance-size, disable, describe: 
attributes visible for c a be- reference exclude 
additionally: user-restrictions, names, id: 
selecting any cabc-reference implies table 

>liuit-iet" offset by (8. 14i 

reference-pattern (width 27: height 35 



TABLE 35 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



bio-ohiect-iiile 
hiiHool 

label is 'long.nanie.of.bionxxier 
unless in administrator or developer nude: 
menu choices exclude additionally: delete, transfer. 





name, disable, describe, create-suhworkspace 


Attribute display. 


label offset by t-72. -7) 


icon description 


bio-objecl-title-paitem t width 130: height 2> 


TABLE 36. 


MESSAGE DEFINITIONS 


Class name 


cabe-relcrencc-message 


Superior class 


messace 


Attributes specific to class 


none 


Default message properties 


none 


Class name 


sequence-display 


Superior class 


messace 


Attributes specific to class 


id. with an index. 




label is " 


Default mcs>age properties 


nuiumum-with is 100: text-color i> 


transparent: background color is foreground 


TABLE 37 


Class name 


entry-panel 


Superior class 


uil-iailored -dialog 


Attributes specific to class 


id is "". with an index: 


related-item is none: 



Menu option 
Inherited attributes 
Icon description 



curreni-simulaiion-lime is given by an elapsed-simul-time-par: 
current-siniulation-iinte-increnieM is given by an ■ 

elapsed-simul-time-par 
a final menu choice 
several propnetary attributes 

entry-panel t width 80: height 100: dark-color = dim-gray, 
licht -color = lichl-crav. white-color = white i 



Class name 
Superior class 
Attributes specific to class 

Inherited attributes 
Icon description 



o,uery-panel 
uil-tailored-dialog 
id is "". with an index: 
related-item is none 
several proprietary attributes 

entry-panel t width 80: height 100: dark-color o dim-gray. 
Iichi-color = lichl-crav. white-color = white) 
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TABLE 38 
CONNECTION DEFINITIONS 



Class name 
Superior class 
Attributes specific 10 class 
In heme J attributes 
Cross section paucm 
Stub lenclh 



p-connecuon 
connection 
none 
none 

core = dim-crav. cover = green: I cover. 2 core. I cover 
8 



Class name 
Superior class 
Attributes specific lo class 
Inherited atuibuies 
Cross section pattern 
Stub length 

Class name 
Superior class 
Attributes specific to class 
Inherited attributes 
Cross section pattern 
Stub lenclh 



r-connecuon 
connection 
none 
none 

core = red. cover = dim-srav: 2 cover. 2 core. 2 cover 
8 

model-box -connection 

connection 

none 

none 

core = red. cover = green: 2 cover. 2 core 
8 



Class name 
Superior class 
Aiuihutes specific to class 



Cross section pattern 
Stub lenclh 



cycle-path 
connection 

tau-coelf is given by a tau-coel'f-par. 

rate-constant is given by a ceU-progression-rate-constani-par: 

progression-rate is given by a cell-progression-rate-pvar 

core = «rav. cover = areen: 2 cover. 6 core. 2 cover 

10 



TABLE 39 



Class name 
Superior class 
Attributes specific lo class 
Class restrictions 

Menu option 



bioposi 

connection-post 

toggle-suite has values show or hide (default is HIDE) 
unless in administrator or developer mode: attributes visible 

exclude additionally: superior-connection, toggle-state 
not a final menu choice 



TABLE 40 



Class name 

Superior class 

Attributes specific to class 

Class restrictions 



Menu option 
Icon description 



bio-object 
object 

label is ". widi an index: 
description is " 

unless in administrator, developer, or modeler mode: 
menu-choices exclude additionally; move-object, 
roiaie-refleci 
not a final menu choice 
bio-objeci-paiiem 



Class name 

Superior class 

Aiuihutes specific lo class' 

Menu option 

Icon description 



bionode-objecl 

bio-object 

none 

not a final menu choice 
inherited 



Class name 
Superior class 
Attributes specific to class 



Menu option 
Icon desenpuon 



bioview-ohject 
bio-object 
references is"": 
warnings is "": 

tog sic -suue has values show or hide (default is HIDE) 

not a linal menu choice 

inherited 



lot 
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TABLE 41a 



BioEntiiy 

1. Simple-bioEntity 

A. Protein-site 
Licand.sitc 

Catalytic .site 

Tyr.sitc 
Sersiu: 
T[ir.siic 
Cys.siic 

Isoprcnylation-site 
Myrisiovlation-site 

Protein-loss-ol-luncnion-mutation 
Proiein-cain-ol'-lunction-mulation 

B. Protcin-modified-croup 
Tyr.P-sroup 
Scr.P-croup 
Thr.P-sroup 
Disutphidc-bridsc 
Isoprenylatcd-group 
Myristoylatcd-croup 

C. I. 

D. DNA-bindina-siic 
Tran^cripiioii-ctcmcnl 

Enhancer-clement 

Promoier-proximal-cJemeni 

Response -clement 

Activator-site 



E. DNA-nuxhucauon-sito 

Mctliylation.siic 

F. RNA-bindinfl-site 



II. Complcx-bioEntity 
A. BioEntity-Componeni 
I . Protein-Ownponcm 
a. Protein-donuiin 
Cytoplasmic-domain 
Transmembranc-domain 
Extracellular-domain 
C(X)H-tenriinal -domain 
NH2-terminal-domain 
Protein-spacer 
SH2 -domain 
SH3-domain 
HSP-domain 
Alplia-U-domain 



15-slieet-domam 

Helix-tuni-helix-dortiain 

Ig-fold-domain 
"ls-CHl-domain 

Collagen-domain 
Fihronecun-type-IH-domain 
Superbarrel-domain 
8-stranded-barrcl-domain 

b. Protein-motif 
Leucuwippcr-numf 
Zinc-finger-moiU 
Alpha-helix-motif 
Helix-turn-moiii' 
li-strand-motif 
EF-hand-mout 
Trefoil-motif 
Greek-key-motif 
Loop-rcgion-motif 
Sicnal-neptidc-motif 



2. DNA-Component 
a. DNA-domain 
Operator 

Promoter 

h. DNA-moiif 
TATA-bi>x 

c. RN A -domain 

d. RNA-motit 

Membrane 
Plasma.Membrane 
Nuelcar.Membrane 

B. Molecule 
1 . Protein 
a. Aciivc.polypepude 
Cytokine 
EPO.Iike 

ILllike 

lU.likc 

IL6.like 

lU.like 

LIF.like 



Growth-factor 
EGF.Iike 

PDGF.Iike 



Peptide. hormone 
GH.like 

Insulin. like 



b. Receptor 
PTK.Rcp 
EGF.R.Iike 
EGF.R 
HER-2/neu 
crbB3 

PDGF.R.like 

Insulin.R.Iikc 

FGF.R.likc 

PSTKRcp 
PPasc.Rcp 

Hemaiopoieun.R.like 

ic.R.likc ; 
"iLl.R.like 

G.coupled.R.like 
lUS.R.like 

Steroid-receptors 



Receptor -complex 
PTK.Rcp.complex 
EGF.R.hkc.complcx 
EGF-EGF.R 
EGF-HER-2/ncu 
EGF-erbB* 

PDGF.R . I ike complex 
PDGF-PDGF.R 
CSF1-CSFI Ryims 

Insulin.R.likccomplcx 
Insulin-lnsulin.R 
1GF-IGF1.I 



/OS 
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TABLE 4 lb 

FGF.R.Iike.complex 
FGF-FGF.R 

Hemaiop R.like.complex 
Di .hemainp.R.cumplex 
GPI3().cnmplex 
1L2.RS .complex 
KH97.uimplex 

Is.R.like.complex 
lLI.R.Iike.complex 

G.couplcd.R.likccomplcx 
ILS.R.Iikc.comptex 



c. Enzyme 
P.iyr.kinaiC 

P. Ncr.Thr.kina.se 
p85 Rsk S6-kina.sc 
p70 S6-kina.se 

P.tyr.P.ase 
P.ser.Tlir.P.ase 

Phosphnrilasc 
Synihciasc 
RNAMymerase.il 
Topoisnmerasc-Il 



Enzyme-complex 

J. Transcription-factor 
Jun like 
c.Jun 
Fos 

NF.kB.like 

NF.IL2A.like 

SPl.like 

TFIID.Iike 

TFHB.tike 

TTIIE.Iike 



Complex .transcrip- factor 
AP.l.like 

NF.AT.like 



e. Reprcssor.tactor 

I . Hisione 
HI 
H2A 
H2B 

c. Rihosonal.protein 
* 6S 

40S 

70S 

h. Cyioskeleion.protein 
Aciin 

Myosin 
Tubulin 
Keralin 

i. Ion channel 
Voltagc-gatcd-channcl 

Voli-saied-Ca++-channel 
LisandGaicdChanncI 
Ca++-saicd-K+-channcl 

i . Transplaniauott.aiuiccn 
MHC.I 

MHC.II 

k. Adhesion. protein 
lntcsnn 

Cadhehn 

Selectin 



1 Immunoglobulin 
IpG 

laM 

l«A 

m. ECM protein 
Fihnmectin 

Collagen 

Adhcsin 



10U 



2. Nuclcie.aad 
a. DN A 

Gene 

cDNA 
h. mRNA 

c. rRNA 

d. iRNA 

e. Oligonucleotide 

3. Carbohydrate 
a. Polysacharide 

4. Lipid 

a. Siennd-hormone 
Esuoccn 

b. Prostaglandin 

c. Leukoiricnes 

d. Phospholipid 

e. lsoprene 
l. Fatty^cid 

5. Small.molecule 

a. Nucleotide 
ATP 
GTP 
cAMP 

b. Aminoacid 

c. Vitamin 

d. Retinoid 

e. Sugar 

I". Ion 
Cation 

III. Heier-Mol-Comple.\ 

A. TF-DNA.Complcx 
E2F-RB-DNA.toniplex 

B. Nucleosome 
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Clu.tN name 

Superior class 

Attributes specific to class 

Class restrictions 



Menu option 
Inherited attributes 

Icon description 



TABLE 4: 

biocmiiy 
bioohieel 

id is "": 

relercnces is "": 

unless in administrator, or developer nvxie: nKiiu choices exclude 
additionally: go-10-suhworkspaec. disable, describe, name, move: 

when m simulation, navigation, or general mode: 
menu choices lor hioenlity exclude additionally: transfer. 

clone. change-size, color, creaie-local. delete: 
mm- menu choices tor item exclude additionally: move-object, 
move-connection, click -10-cdii 

not a final menu choice 

label is "". with an index: 

description is "" 

hioentity-paiiem 1 width 100: height 80: dark-color » dim-gray, 
light-color = light-gray, white-color = white, type-color - 
purple, status-colors medium-aquamarine. 



TABLE 43 



Class name 

Superior class 

Attributes specific to class 

Class restrictions 

Menu option 



sirnple-hioeniity 
biueniuy 
position is "": 

superior-biocntity. wiih an index: 
when in developer or modeler mode: 

menu choices forsiniplc-bioentity include additionally: mate-reflect 
not a final menu choice 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Attribute displays 

Stubs 

Icon description 



Class name 
Superior class 
Attributes spccitic to clas 
Icon description 



protein -sue 

simplc-bioemity 

none 

not a final menu cltoice 
position at standard position: 
label offset byi-30. 35> 
a link located at bottom 14 
width 28. heicht 40: 



ligand.site 

protein-site 

none 

licand.siie-paiiem (width 3*»; Iteicht 26: lime-green) 



Class name 
Superior class 
Attributes specific toclas 
Icon description 



tyr.site 

pmem-site 

none 

tyr.siie-pauern twidth 28: height 40: green) 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Attribute displays 

Stubs 

Icon description 



proteuvmodified-croup 

simple-hioentiiy 

modifiers is "" 

not a final menu choice 

position at standard position: 

label offset by 1-30. 35 1 

a link located at bottom 15 

proteiii-nKxlified-CTOup-pattem 1 width 30: height 32) 



Clas* name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



gly. iso prenyl. linker 
protein-modi fied-croup 
none 

a link located at right 20 

gly.isoprenyl.linker-pattern twidth fttS: height ?*■>: violet 1 



Class name 
Superior class 
Attributes specific 10 class 
Stubs 

Icon description 



tyr.p- croup 

proic 111- modified- group 

none 

inherited 

lyr p-group-pattern 1 width 30: height 32: greent 
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TABLF.44 

Cla^ name lomplcx-hiivnun 

Superior class bioentiry . .. ltii-iei 

Attributes specific to cla:» louslcsiate has values show or hide tdciauli i> HlDfc) 

wamincs is "": 

niaster-bioentuy. with an index 
Menu opuon noi a final menu choice 

Class name hioentity-componem 
Superior class complex-bioentiry 
Attributes specific to ela.ss supenor-bioennty: 

position is "" 

Class restrictions when "n developer or modeler mode: 

menu choices tor htoentiiy-componeni 
include additionally, rotate-refleci 
Menu option noi a final menu choice 

Class name membrane 

Superior class hioeniity-componem 

Attributes specific lo class none 

Menu option not a final menu choice 

Icon description membrane-pattern i width 20: heipln 1 30: 

Class name plasma-membrane 

Superior class membrane 

Attributes specific to clas.* none 

Icon description plasma-niemhrane-pattern 



Class name 
Superior class 
Atlrihuies specific to clas- 
Menu option 
Attribute displays 



protein-component 

hioeniny-eomponem 

none 

not a final menu choice 
label offset hv i — 1>. -45 1 



Class name 
Supenur class 
Attributes specific to class 
Attribute displays 

Stubs 



Icon description 



protein-domain 

protein-component 

none 

label offset by 1-42. lf>>: 

position offset by (-47. -25} 

a link located at top 40; 

a link located at neui23: 

a link located at bottom 4(1: 

j iink located at left 23 

protein-domain -pattern t width HI): heiehi 4M 



Class name 
Superior class 
Aunhutes specific to cla%> 
Ivon description 



j'ihroneetin-rype-IIi-domain 

protein -domain 

none 

fihroneclin-type-UI-domaiit-paitern 



Class name 
Superior class 
Attribute* specific to class 
Menu option 



dna-component 
bioent itv .component 
sue isOBASK-PAlRS 
not a final menu choice 



Class name 

Superior class 

Attributes specific lo class 

Menu opuon 

Stubs 



Icon description 



dna-moul 

dna-component 

position is "" 

a final menu choice 

a link located at top 40: 

a link located at neht 2?: 

a link located at bottom 40. 

a link located at left 23 

dna-domain-pattern < width KO: heisrlit 4rn 



Class name 
Superior clu.vs 
Aunhutes specific to clas* 
I ..on description 



tau-bov 

dna-niotif 

none 

lata-bovpaiiern 
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TABLE 45 



Class name 

Superior class 

Attributes specific to class 



Menu option 
Stubs 



molecule 

complex -Noentily 
synonims is "": 
iu-species is " ": 
in-iissues is " "; 
in-cells is " 
in-organclles is " " 
not a final menu choice 
a link located at top 50: 
a link located at right 40: 
a link located at bottom 50; 
a link located at left 40 



Class name protein 
Superior class molecule 

Attributes specific to class cas-number is UOOOO-00-0. with an index; 

number-am ino-acids 
sequence is " ": 

mol-weight is 0 DALTONS. wiUi an index: 

isoelectric-poini is 0.0: 
Icon description protein-pattern (widUi 100: height 80: dark-color = dim-gray. 

light-color = light-gray, white-color = white, type-color = 
yellow, status-color = medium-aquamarine: 



Class name enzyme 
Superior class protein 

Attributes specific to class cas-number is "EC 0-0-0-000". with an index: 

substrates-info is "": 
inhibitors-info is"": 
ligand-info is "" 
Menu option not a final menu choice 

Icon description enzyme-pattern (width 100; height 80: 

dark-color ^ dim-gray, light-color = light-gray, 
type-color = red. status-color = dark-gray: 



Class name 
Superior class 
Attributes specific to class 
Icon description 



p.tyr.ktnase 

enzyme 

none 

p.tyr.kinase-pallem < type-color = coral t 



a p. iyr.kina.se 

Names 
Label 

Description 
U 

Toggle state 
References 
Master bioenlity 
Synonims 
In species 
In tissues 
In cells 
In organelles 
Cas number 
Mol weight 
Isoelectric point 
Sequence 
Substrates info 
Inhibitors info 
Lieands info 



none 

hide 
none 



"EC 0-0-0-000" 
0 DALTONS 
0.0 
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TABLE 46 

Class name hioenuiy-notes 

Superior class biotool 

Attributes specific to class label is "". with an index; 

toccle-statc has values show or hide (default is Hiuh) 
Cbss restrictions unless in administrator or developer mode: 

selecting any biocntity-notes implies details 
Attribute displays label offset by (-42. 20> 

icon description biwniitv-noics-paturrn (width 74. height 48: dark-color = 

dim-gray, light-color = light-gray, white-color = white: 



Class name image 
Superior class bioentity-notes 
Attributes specific to class label is "". with an index: 

references is "": 
Icon description lunction.noies-pauem 



Class name mol.sequence 
Superior class bioenuty-mues 
Attributes specific to class label is "". with an index: 

Icnght is "": 

description is "": 

references is "": 

id. with an index: 

action-proc-name is crb-go-ii>-subws: 
toggle-state has values show or hide (default is HIDE) 
Icon description moF-scquence-paiiem 



Class mime lunciwnnotes 
Superior class bioenuty-notes 
Attributes specific to class label is "". with an index: 

references is "": 
Icon description function.notes-pauem 

Class name relcrcnccnoies 
Superior class biocmity-notes 
Attributes specific to class none 
Icon description referenccnoics-pauem 



Class name dendrogram 
Superior class bioemiiy-noies 
Attributes specific to class label is "Dendrogram 

references is "": 
comments is 
Icon description dendrogram-pattern 



Ub 
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TABLE 47 



Class runic 

Superior class 

Attributes specific in class 



Cupuhililios and restrictions 
Class restrictions 



Menu option 
Atirihuie displays 
Icon description 



hiorescrvoir 
hioview-objcc! 

references is given by a references-array: 
compartment is "": 
rcf-biocniity is none: 
mastcr-biorcservoir is none: 

status has values available, selected, selecied-l'or-inpui. 
selecied-for-outpui. down-selected, up-selected. lorw- 
activated. hack-activated, downstream-activated, upstream- 
activated, or deactivated (default is AVAILABLE). 

deeay-rate-facior is 2.0c-4: 

if-sealing-biorcservoir is none: 

1 1 -scaling -amount is 100: 

scaled-basat-amnunt is 9.9e-9: 

phvsiol-abundance has values hiehest. abundant, sicadv-state. 

low-induced, or only-induced (dctault is ONLY-INDUCED) 
activaiahlc-suhworkspacc 

unless in administrator or developer mode: menu choices 
exclude additionally: gn-to-subworkspace. clone: 
attributes visible exclude additionally; status: toggle-state, 
master-biorescrvoir: 
when in simulation, navigation or general mode: 
menu choices exclude additionally: move. name, color, 
delete, disable, change-size, create-subworkspacc. 
transfer, describe, clean-clone: 
non-menu choices exclude additionally: move-object: 
when in general mode: 
menu choices exclude additionally: simut-panel. 

show-s.craph. hide-s.eraph: 
attributes visible exclude additionally: decay-raic-f actor, 
scalcd-hasal-ainouni: if-scaling-bioreservoir. 
it-scaling -amount, 
when in navigation mode: 

selection of any biorcservoir implies details 
not a final menu choice 
label offset by (-57. -30) 
hiorcservoir-pauem t width 96: height 56: 
dark-color - dim-gray, light-color = light-gray. 
»vnue-coUir = white, status-color = medium-aquamarine, 
flag -color = medium-aquamanne. type-color = palc-grccn. 



Class name 


bound-mol-rcscrvoir 


Superior class 


hioreservnir 


Attributes specific to class 


normal-basal-density is 9.9c-y9: 


physiol-max-densily is 9.9C-99 


Class name 


macro-complcx-rcscrvoir 


Superior class 


nound-mol-rescrvoir 


Attributes specific to class 


none 


Icon description 


inherited 


Class name 


cell-reeepior-rcscrvoir 


Superior class 


bound-mol-rescrvoir 


Attributes specific to class • 


none 


Class name 


mcmbr-bound-rcscrvoir 


Superior class 


hou nd- mol -re scr voir 


Attributes specific to class 


none — 
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TABLE 4R 



Class name 


s< il - m ol -rescrvoi r 


Superior class 


bioreservoir 


Attributes specific to class 


normal -hasal-concentrai ion is y.ye-99: 


physiol-max-conccniraiion is 9.9e-9y 


Class name 


int-sol-mol-reservoir 


Superior class 


sol-mol-rescrvoir 


Attributes specific to class 


none 


Class name 


e xt -sol - mol -reservoir 


Superior class 


sol-mol-reservoir 


Attributes specific to class 


none 




Class name 


acnei-mol-rcscrvoir 


Superior class 


bioreservoir 


Attributes specific to class 


normal-basal-densiiy is y.ye-yy: 


physiol-max-dcnsiiy is y.ye-yy 


Class name 


cxp-cell-rescrvoir 


Superior class 


bioreservoir 


Attributes specific to class 


normal-basal-conccntratioii is y.ye-99: 


physiol-max-ci>nccntration is 9.9e-99 


Class name 


cell-reservoir 


Superior class 


bioreservoir 


Attributes specific to class 


normal-basal-dcnsity is y.ye-99: 


physiol-max-density is 9.9e-99 


Icon description 


ceH-rcscrvoir-paneni i width 96: height 56: 


type-color = coral i 


a cell-reservoir 


Names 


none 


Label 




Description 




References 




Warnings 




Toggle stale 


hide 


Compartment 




Rcl bioemity 


none 


Master bioreservoir 


none 


Status 


available 


Decay rate factor 


2.()c-4 


If scaling bioreserv oir 


none 


If scaling amount 


KM) 


Scaled basal amount 


9.9c-9 


Physiol abundance 


onlv-induced 


Sormal-hasal-densiiy 


9.9e-y9 UPCE 


Physiol-max-dcnsiiy 


y.ye-yy upce 



//A 



TABLE -W 



Clans name hiopool 
Superior class hiohode-ohiect 

Attributes specific to class basal-density is given hy a hasal-density-par: 
scaiinc-dcnsity is given hy a scaling-detisiiy- 
par:~ 

density-entry is given hy a density-eiury-pvar: 
scaled-entry is given hy a scaled-entry-pvar: 
inpui-ratc is given hy an inpui-raie-pvar; 
ouipui-raic is given hy an outpui-rate-pvar. 
accumulaiuHi is given hy an accum-pvar: 
density is given hy a densiiy-pvar: 
scaieg-anioum is given hy a scaled-amount - 
pvar: 

Class restrictions unless in administrator or developer mode: 

menu choices exclude additionally: 
describe, rutaie-rellect. move, transfer 
when in simulation or explorer mode: 
menu choices exclude additionally: 
add-scalcd-input. add-input. add-outpui. 
add-top-post. add-hottom-post: 
when in explorer mode: 
menu choices exclude additionally: 

simul-pancl: 
aiinhuies visihle exclude additionally: 
basal-density, dcnsiiy-cniry. density 
Inheriieil atirihutes label is "". with an index: 

description is "" 

Aitrihuie displays input-rate, output-rale, accumulation-rate. 

scaled-amount offset hy ( 1 05. 20i 
Stuhs an iiiput-hox-connecuon inp located at lop 8; 

a scaled-input-hox-connecuon sip located at 
top 17; 

an output-box -connection oup located at 

hotiom 15; 
a p-connection pot located ai top 37: 
a p-conneciion p02 located at top 50: 
a p-connection p03 Iivated at top 62: 
a p-connection p(>4 located at top 75: 
a p-connection p()5 located at top 87: 
a p-conneciion p<)6 located at lop 100: 
a p-connection p07 located at top 1 12: 
a p-connection pOii located at top 125: 
a p-coniiectioii plW located at top 137: 
a p-connection pi 0 located at top 1 50; 
a p-connection pi 1 located at lop 162: 
a p-conneciion pi 2 located at top 175: 
a r-comtcction rOI located at hottom 37: 
a r-connecuon rt)2 located at houom 50: 
a r-conneeuon r()3 located at hottom 62: 
a r-eonnection r04 located at houom 75: 
a r-conneciion r05 located at hottom 87; 
a r-connection rt)6 located at hotiom 100: 
a r-comiection r()7 located at hottom 112: 
a r-conneaion r()8 located at hotiom 125: 
a r-connection rtW located at bottom 137; 
a r-counection rlOlixrated at houom 150: 
a r-connecuon rl I located at houom 162. 
a r-connection rl2 located at houom 175 
a graph-link s-plot located at left 11: 
a graph-link a-plot located at leu 31: 
a graph-link lists located ai right 11: 
a graph-link query located at right 3 1 : 
Icon description bfopool-pauern i width I SO: height 42 : 

dark-color = dim-gray, light-color = lighi- 

eray. white-color = white, typc-coio: = 

green-yellow 
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TABLE 50 



Class name 
Superior class 
Attributes specific to class 
Attribute displays 
Stubs 

Icon description 



hound-nml-pixil 

hjnpool 

iKine 

inherited 

inherited 

hiopool-pattem HvMth 1X0: Iieighi 42: 
dark-color = dim-gray, light-color = liehl- 
gray. white-color = white, sialus-color = 
forest-green, type-color = medium-goldenrod) 



Class name cell-rcceptor-pix>l 

Supcnor class hound-mol-ptxil 

Attrihuies specific to class ix>ne 

Menu option ;i final menu choice 

Icon description cell-reccptor-pool-pattem 



Class name membr-bound-pool 

Superior class bound-mol-pool 

Aitribuies specific to class none 

Icon description mem hr- hound-pool -palicm 



Class name 
Supcnor class 
Attributes specific to class 
Icon description 



macro-complex-pool 

hound-mol-pool 

none 

cell-receptor-pool-patteni width ISO; height 42: 
type-color = sold) 



Class name 
Superior class 
Attrihuies specific to class 

Aiuihute displays 



soluhle-mol-pool 
hiopool 

hasal-conccninuion is men hy a hasd-conc-par: 
concentration is given "by a conc-pvar 
basal-concentration, concentration offset hy (80. 60 1 
input-rate, output-rate, accumulaiion-rate. 
scaled-amount offset hv 1 105. 20) 



Class name int-sol-mol-pool 

Superior class soluhlc-mol-ptxil 

Aitrihutcs specific to class none 

Icon description ini-sol-mol-pool-pattem 



Class name exi-sol-mol-pool 
Superior class soluhle-niol-pool 
Attrihuies specific to class consum-cell-div-factor is given by a 

coi>sum-cell-*liv-iactor-p\ ar 
lc<m description ext-sol-mol-rxx»l-patteni 



Names 
Label 

Description 

Companment 

Basal -density 

Scaling-density 

Densiiy-eniry 

Scaled-entry 

Inpui-rate 

Output-rate 

Accumulation 

Density 

Scaled-amount 

Basal-concentration 

Concentration 

Consum-cellnJiv-lactor 



an exi-sol-mol-pool 

none 



none 

y.ye-yy upce 
yy.yyy UPCE 
0.0 UPCE 

o.o 

y.ye-yy 
y.ye-yy 
y.ye-yy 
y.ye-yy upce 
y.9e-y 
y.ye-yy m 
y.ye-yy M 
i.o 
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TABLE 51 



Class name 

Superior class 

Attributes specific to class 

Stubs 

Icon description 



Class name 
Superior class 
Attributes specific io class 



Icon description 

Class name 
Superior class 
Attributes specific to class 



icon description 



cenet-mol-pool 
hiopool 

basal-amount is given by a b:isal-quantiiy-par 
inherited 

genet-mol-pool-pattem 



exp-cell-pool 
biopool 

basal-concentration is given by a basal-cell-conc-par: 
amount-entry is given by a cell-density-entry-pvar; 
density is given by a cell-density-pvar: 
concentration is given by a cell-conc-pvar 
exp-cell-pool-pauem 

cell-pool 
biopot>l 

basal-density is given by a basal-cell-density-par: 
density -entry isgiven by a eell-density-eniry-pvar. 
density is given by a cell-density-pvar 
cell-pool-patlem 



TABLE 52 



Class name 
Superior class 
Attributes specific to class 

Class restrictions 



Icon description 



biopool-posl 
biopost 
id is"": 

rel'-bioprocess is none 

when in navigation or simulation mode: 

selecting any bioposi implies show-bp: 
when in explorer mode: 

selecting any bioposi implies activate-bp: 
wlicii in developer or modeler mode: 

menu choices lor biopost exclude additionally: name. 

move, rotate-re fleet, cliange-size. color, delete. . . 

describe, creatc-subworkspace. show-bp 
hiopool-post-paucm (width 17i height 17) 



Class name 


biopool-r-post 


Superior class 


biopool-post 


Attributes specific to class 


none 


Icon description 


hiopool-r-posi-paticm I width 17: height 17) 


Class name 


hiopool-p-posi 


Superior class 


biopool-post 


Attributes specific to class 


none 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Menu option 
Icon description 



TABLE 5? 

model-box 
hioiool 

toggle-state has values show or hide (default is HIDE) 
unless in administrator or developer mode: 

menu choices exclude additionally: move. name, 
change-size, color, describe, go-to-suhworkspace: 

selecting any model-box implies show-sw 
not a final menu choice 
model-box-pauem 



Class name 
Superior class 
Attributes specific io class 
Stubs 

Icon description 



iiipui-inodel-box 

model-box 

none 

a p-connectiou located at right 10 
input-model-box-patiern 
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TABLE 54 



Class name 

Superior class 

Attributes specific to class 



Capabilities and restrictions 
Class restrictions 



Menu option 
liihcriicd attributes 



Attribute displays 
Stubs 

Icon description 



hioproccss 
bmvicw -object 
compartment is 

status lias values available, selected, selected- 

I'or-inpul. down-selected, up- selected. 
I onv-ac li vated. back-activated. 

downstream-activated, upsircam-activated. 

or deactivated tdcfaull is AVAILABLE): 
deactivaiion-hold-inierval is given by a ume- 

delay-par. 
mastcr-bioproccss is none 
auivatable-subworkspace 
unless in administrator or developer mode: 

menu choices exclude additionally: 

go-to-subworkspacc. rotate-reflcct. 
change-size, clone: 

attributes visible exclude additionally: 
• u>ggle-state: master-bioprocess: 
when in general, navigation, or simulation 

mode: 

menu choices exclude addiliopalJy:transfer. 

move. name, color, delete, disable, 
describe, creatc-subworkspace. clone. 

labeled-clone, clean-clone: 
attributes visible exclude additionally: 
notes, label: 
when in general or navigation mode: 
attributes visible exclude additionally: 
activaiion-hold-interval. deactivation-' 
hold-interval: 
when in navigation mode: 

selecting any hioproccss implies details 
when in simulation mode: 
menu choices exclude additionally 
up-pathway. down-pathway 
not a final menu choice 
references is "": 
warnings is "": 

loggle-SLUe lias values show or hide 

(default is HIDE), with an index: 

label is "". with an index: 

description is "" 

label offset by < -57. -30) 

none 

bioprocess-pattem < width yfi: height 56: 
dark-color = dim-gray, light-color = 
light-gray, white-color = white, status- 
color = slate-blue, type-color = slalc- 
biue. Mac-color = medium-aquamarine 



Class name 
Superior class 
Attributes specific to ciass 
Icon description 



cell.bioprcK.ess 

hioproccss 

none 

cell.bioprocess-paitem 



a cell.hiopnx.ess 

Names 
Label 

Description 

References 

Warnings 

Toggle state 

Compartment 

Status 

Activation hold interval 
Deactivation hold interval 
Master hioproccss 



none 



hide 



available 
0 seconds 
( ) seconds 
none 



//CP 
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TABLE 55 



Class hioEngine 

Class Binding-bioEnginc 
Class Recepior-bioEngine 
Class bioengine.Rl.Ll 
Class bioengine.R2.LI 
Class hiocngine.RI.Ll.ACl 
Class bioenginc.R 1 .L 1 .AN 1 
Class biocngine.R2.Li.AC2 
Class bioengine.R2.L2. AN 1 

Class Comptcx-Formaiion-bioEnginc 
Class bioengine.U3 
Class bioengine.U5 
Class bioengine.U7 
Class bioenginc.KU? 
Class biocngine.MIC3 
Class hioenginc.C? 

Class DNA-CompIex-Formaiion-bioEngine 
Class biocngine.DNA.U2 
Class hiocngine.DNA.U5 

Class Conform-Changc-bioEngine 
Class bioengine.CAl.T2 

Class Transport-bioEnginc 
Class hiocngine.EXl.L2 
Class biocngine.M2.EFl 



Class Amplifier-bioEngine 
Class Enzyme-bioEngine 
Class bioengine.El. SI 
Class bioengine.PKl.Sl 
Classhioengine.PPl.Sl 
Class bioenginc.Pasc 1 .S 1 
Class bioengino.LKl.Sl 

Class bioengine.El. S2 
Class biocngine.El.Sl.il 
Class bioengine.El.S2.Il 
Class bioengine.El.S2.I2 
Class bioengine.E3.S 1 .1 1 

Class Channcl-bioEnginc 
Class biucneine.CH 1.101 
Class biocngine.CH 1.101. LI 

Class IonPump-bioEngine 
Class hitiengine.PLM.I01 

Class Lumpcd-bioEngine 

Class Complex-Dissoc-bioEnginc 
Class Translocation-bioEnginc 
Class Amo-Catalilic-bioEnsine 

/'7 
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Class name 
Superior class 
Attributes specific lo class 



Capabilities and restrictions 
Class restrictions 



Menu option 
Inherited attributes 

Attribute displays 
Stubs 



Icon description 



bioenginc 

bionode-objcci 

velocity; 

rate-consiaiu-scc is 1 .0: 
tau-coclT is given by a lau-coetl-par. 
bias is given by a bias-par: 
lime-lag is given by a lime-delay-par: 
pli is civen "by a -<£ph-par: 
ph-dcviation-facior is given by a ph-factor-par: 
temperature is given by a temperature-par. 
temp-deviation-factor is given by a temp- 
iactor-par: 

tocsle-siate has values show or hide (default 

is"HIDEi: 
type -color 
none 

unless in administrator, developer, or 
modeler mode: menu choices exclude 
additionally: move. name, clone, change- 
size, color, delete, disable, enable, crcatc- 
suhworkspace. describe, 
go-to-subworkspace. crcatc-sw: 
when in nnxJcler mode: menu choices 
exclude additionally: move. name, disable, 
enable, create-subworkspacc. describe, 
co-to-subworkspacc: 
unless in administrator or developer mode: 
attributes visible lor biocngine exclude 
additionally: toggle-state, type-color 
when in simulation or explorer. nu>de: 
attributes visible for bioenginc exclude 
additionally: notes, label: 
not a final menu choice 
label is "". with an index: 
description is "" 
velocity offset by (58. 5) 
a r-conhection pon-l located ai top 25: 
a r-connection port-2 located at top 50: 
a r-conncclion port-? located at lop 75: 
a p-conncction pi located at botiom 25: 
a p-connection p2 located at bottom 50: 
a p-connection p3 located at bottom 75: 
a c-graph-link cr located ai left 1 1 : 
a c-graph-link Fs located al left 31 : 
a c-graph-link up located at nghi 1 1 : 
a c-eraph-link dn located at nghi 31 
bioehgine-palleni (width Kb: height 42: 
dark-color = dim-gray, light -color = light- 
gray, white-color = while, type -conn - 
hiresi-crecn 



Class name 


binding -bioenginc 


Superior class 


bioenginc 


Attributes specific to class 


velocity is given by -a bindine-raic-pvar 


Menu option 


not a final menu choice 


Class name 


amplificr-hioeneine 


Superior class 


bioenginc 


Attributes specific to class 


none 


Menu option 


not a final menu choice 


Class name 


lumped-bioeuginc 


Superior class 


bioenginc 


Attributes specific to class 


none 



TABLE 57 



Class name reccptor-bioengine 

Superior class binding-biocnginc 

Attributes specific in class nunc 

Menu option not a final menu choice 

icon description reeeptor-biocncine-paitem 



Class name hioeiifiine.rl.il 
Superior class rcecptor-hioengine 
Auribuics specific to class none 

Stubs arc-connection port- 1 located at top 25: 

a I -connection II located at top 50: 
a p-connection pi located at bottom 50: 
a c-graph-link gr located ai left 1 1 : 
a c-craph-link fs located at left 3 1 : 
a c-graph-link up located at right 1 1 : 
a c-graph-link dn located at right 3 1 



Class name 
Superior class 
Attributes specific to class 
Icon description 



enzymc-hioengtne 
amplifier-bioengine 

velocity is given by a calalytic-raie-pvar 
e nz y me - bi ocngine-pattem 



Class name 
Superior class 
Attributes specific to class 
Stubs 



biocncinc.el.s2 

cnzymc-biocnginc 

none 

an e-connection port- 1 located at lop 25: 
a s-connection si located at top 50: 
a s-eonncction s2 located ai top 75: 
a p-connection pi located at bottom 25: 
a p-connection p2 located at bottom 50: 
a p-connection p3 located ai bottom 75: 
a c-craph-link gr located at leli 1 1: 
a c-graph-link Is located at left 31: 
a c-craph-link up located at right 1 1 : 
a c-craph-link dn located at right 3 1 



Class name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 



complcx-dissoc-niocnginc 
lumpcd-biocnginc 

velocity is given by a dissociation-raie-pvar 
a co-connection c I located at top 25 : 
u p-connection p I located ai bottom 25: 
a p-connection p2 located at bottom 50: 
a p-connection p3 located at bottom 75: 
a c-graph-link gr located at left 1 1 : 
a c-craph-link Is liKated at left 3 1 : 
a c-graph-link up located at right 11: 
a c-graph-link dn located at right 3 1 
complcx-dissiK'-bioengine-pattem 



Class name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 



translocaiion-biocngine 
lumped-bioencine 

velocity is given by a iranlocaiion-raic-pvar 
a t-connccuon tl located ai lop 25: 
a p-conncciion p2 located at bottom 25: 
a c-graph-link gr located at leli 1 1 : 
a c-craph-link Is located at left 3 1 : 
a c-graph-link up located at right 1 1 : 
a c-graph-link dn located at right 3 1 
iranshKaiion-hiocncine-pauem 
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TABLE 58 



Class name 
Superior class 
Attributes specific 10 class 
Siuhs 



3 



Icon description 



ccll-bioengine 
bioengi ne 

velocity is given by an acuvauon-rate-pvar 
a cell -connection ce located at top 25: 
a 1-connection 11 located at top 50: 
a l-conncciion 12 located at top 75: 
a p-connection pi located at bottom 25: 
a p-conncction p2 located at bottom 50: 
a p-connection p3 located at bottom 75: . 
a graph-link gr located at left 11: 
a graph-link fs located at left 3 1 : 
a graph-link up located at right 1 1 : 
a graph-link dn located at right 31 
eel I -bioengi ne-pattem 



Class name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 



bioengi ne.ccl. 14 

cell-hiocngine 

none 

a cell-connection eel located at lop 25: 
a 1-connection 1 1 located at top 50: 
a l-conncciion 12 located at Kip 75: 
a 1-conneciion 1 3 located at top 1 00: 
a I -connection 14 located at top 125: 
a p-connection pi located at bottom 25: 
a p-connccuon p2 located at bottom 50: 
a p-connccuon p3 located at bottom 75. 
a p-connection p4 located at bottom 100: 
a p-conneclion p5 located at bottom 125: 
a c-graph-link gr located at left 11: 
a c-graph-link Is located at left 3 1 . 
a c-graph-link up located at right 1 1 : 
a c-craph-link dn located at right ? I 
bioengine.ee 1 -14-pattcrn 



Class name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 



biocngme.ce3.12 
ccll-bioeneinc 
none 

a cell-connection eel located at top 25 
a cell-connection cc2 located at top 50 
a cell -connect ion ce3 located at top 75 
a 1-connecuon II located at top 100: 
a 1-connection 12 located at top 1 25: 
a p-connection pi located at bottom 25 
a p-connection p2 located at bottom 50 
a p-connection p3 located at bottom 7 ~ 
a p-conncction p4 located at bottom 1(X) 
a p-conneciion p5 located at bottom 125 
a c-graph-link gr located at left 1 1 : 
a c-graph-link fs located at left 31 : 
a c-graph-link up located at right 1 1 : 
a c-graph-link dn located at right 3 1 
biocngine.ee 1 .14-pattcrn 



TABLE 59 



Class name 
Superior class 
Aitribuies specific 10 class 
Capabilities and restrictions 
Class restrictions 



Menu option 
Inherited attributes 

Attribute displays 
Stubs 

Icon description 



hiorolc-objcci 
bio-object 

stoichiometric-coelT is l.o 
none 

unless in administrator, or developer 
mode: menu choices lor hiorolc- 
object exclude additionally: move, 
change-size, describe, crcate- 
subworkspace. go-to-subworkspace. 
rotatc-reflcct. clone, name: 

when in simulation, navigation, or general 
mode: menu choices lor biorole- 
object exclude additionally: transfer, 
move. name, clone, change-size, color, 
crcate-subworkspaec. delete, disable, 
describe, go-to-subworkspace: 
attributes visible I'or biorole-object exclude 
additionally: notes, label: 

when in simulation mode: 
menu choices lor hiorole-ohject exclude 
additionally: details, navig-panel: 

when in navigation or general mode: 
menu choices I'or biorole-object exclude 
additionally: input -panel: 

a final menu choice 

label is "", with an index: 

description is "" 

inherited 

none 

hiorole-object-paucrn (width W*); height 40: 
dark -color = dim-gray, light-color = light- 
gray, type-color = sky-blue, white-color 
= while i 



TABLE 60 



Class name 

Superior class 

Attributes specific to class 

pvar: 



Menu option 
Attribute displays 

Stubs 

Icon description 



hioproduct 
biorole-object 

production-rate is given by a pnxluc-raie- 

scaling-prccursors is an instance oi u 

symbol -array, with an index 
a final menu choice 
label ottset by (-55. -22>: 
production-rate offset by (-42. 1 ) 
a p-conneclion located at top 5<> 
bioproducl-palicrn 



Class name 
Superior class 
Attributes specific to class 
Icon description 



cell.bioproduci 

hioproduct 

none 

bioproduct-paltern 



a cell.bioproduci 

Names 
Label 

Description 
Stoichiometric cocl'l 
Production rate 
Scaling precursors 



none 

"cell.bioproduci " 
l.o 

y.Ve-99 

a c-svmhol-arrav 
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TABLE fil 



Class name 

Superior class 

Attributes specific to class 



Capabilities ami wstncunns- 

Menu option 
Inherited attributes 

Attribute displays 



Stubs 

luun description 



hioreactani 
biorolc-objeci 
description is "": 

alpha-cocff is given by an alplia-cocff-par: 
contribution is given by a contribution-pvar: 
consumption-rate is given by a consum-rate-pvar 
ntm*- 
i itj iir- 

not a final menu choice 
stoichiomeuk-coeff is I : 
label is "". with an index 
label offset by (-62. 35): 
contribution offset by (-42. 14): 
consumption-rate offset by i -42. 0) 

.none 

inherited - - 



Class name 

Superior class 

Attributes specific to class 

Stubs 

Icon description 



ccll.bioreaciant 

hioreactani 

none 

a cell-connection located at bottom 30 
ccll.bioreaciant-patiem 



TABLE 62 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Attribute displays 
Stubs 

Icon description 



amplifier-biorcaciant 
bioreactant 

effective-binding-sites is 1 .0 

not a final menu choice 

inherited 

inherited 

inherited 



Class name cnzyme.r 

Superior class amplifier-biorcaciant 

Attributes specific to class catalyiic-raie-consiam is 1 .0: 

scaled-cat-rate.k is 1.0: 
Stubs an e-conncclion located at bottom 30 

Icon description biorcactanl-paticrn (width 100: height 40. 

dark-coloT = dim-gray, light-color = fight- 
cray. type-color = red. white-color = white) 



Class name prot.kinasc.r 
Superior class enzyme.r 
Attributes specific to class none 
Stubs inherited 

Icon description biorcaciuni-pattcm (width 100. height 40: 

dark-color = dim-gray, light-color = lighl- 
cray. type-color = coral, white-color = white) 



a prot.kinasc.r 

Names none 

Label prot. kinase" 
Description 

Stoichiometric coc IT 1 .0 

Alpha coelf 1.0 

Contribution 9.9e-9y 

Consumption rate 9.9e-yv 

Effective binding sties 1.0 

catalytic-raic-coiistani 1 .0 

scaled-cat-rate.k 1.0 
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TABLE 63 



Class name sourcc-bioreactant 

Superior class biorcaciajii 

Auribuics specific to class none 

Menu option not a final menu choice 



Class name substrate. r 

Superior class souree-bioreaetam 

Attributes specific to class michaclis-constant is 9.9e-99 

Stubs a s-connection si located at bottom 30 

Icon description substrate.r-pattem 



Class name leading-biorcactant 

Superior class bioreactant 

Attributes specific to class effcctivc-binding-siies is 1 

Icon description leading-bioreactant-patiern 

Class name cell-receptor.r 

Superior class leading-biorcactant 

Attributes specific to class none 

Stubs a rc-conncction r located at bottom 30 

Icon description cell-reeeptor.r-paitem 



Class name 
Superior class 
Auribuics specific to class 

Menu option 



binding-biorcactant 
bioreactant 

equilibrium-dissociation-constant is 9.9e-99 
scaled-equil.dissoc.k is 1 .0 
not a final menu choice 



Class name ligand.r 

Superior class binding-bioreactani 

Attributes specific to class none 

Stubs a 1-conneciion 1 1 located at bottom 30 

Icon description ligand.r-pattern 

Class name extracell-ligand.r 
Superior class binding-bioreaciant 
Attributes specific to class none 

Stubs a 1-connection II located at bottom 30 

Icon description biorcactant-pattem (width 100: height 40: 

dark-color = dim-gray, light -color = light- 
gray, type-color = pale-green, white-color = 

white) 

an extraccll-licand.r 



Names 
Label 

Description 

Stoichiometric coeff 

Alpha coeff 

Contribution 

Consumption rate 

Equilibrium dissociation constant 

Scaled cquil.dissoc.k 



none 

"cxtraccll-ligand" 

(it* 

1.0 
1.0 

9.9e-99 
9.9e-99 
9.9e-99 
1.0 
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Class name 
Superior class 
Attributes specific to class 
Menu option 



singlc-hioreacuuii 

bioreaclam 

none 

not .n llnnl menu choice 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



translated. r 

siiislc-biorcactam 

none 

a t -connection located at bottom 30 
ir.mslocaied.r-pa! tern 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



complex.r 

sinple-bioreaciant 

none 

a co-connection u I located at bottom 30 
translocaicd.r-patiem 



Class name 

Superior class 

Attributes specific to class 

Stubs 

Icon description 



inhihitor.hioreaciam 
bioreactani 

inhibition-constant is y.9e-99: 

scaled-tnhibiior.k is 1 .0 

an i-connection i I located at bottom 30 

inliibitor.bioreacutnt-patieni 



Class luime 
Superior class 
Attributes specific to class 
Icon description 



comp-inhibitor.r 

inliibitor.bioreactant 

none 

comp-iuliibiior.r-paltcm 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



antagonists 

itUiibiior.bioreaciam 

none 

ail an-connection an 1 located at bottom 30 
antaeonist f-pauem 



TABLE 65 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Inherited attributes 
Stubs 

Icon description 



hiorolc-post 
hioposi 

rel-hioreservoir is none 

unless in administrator or developer mode 

menu choices exclude additionally move, clone, delete. 

rotatc-reNccL color, describe, crcnte-subworkspace: 
when in modeler mode: 

menu choices include additional!} : delete: 

menu choices exclude additionally: sliow-hr: 
when in navigation or simulation mode: 

selecting any hioposi implies show-br: 
when in explorer mode: 

selecting any biopost implies actuate-hr 
togelc-siaic has vaJucs show or hide (dclault is HIDE) 
a icon-wire located at right 7 with style diagonal 
biorole-posi-pattcm twidtli 8: heicht 16) 



Class name 
Supenor class 
Attributes specific to class 
Stubs 

Icon description 



bioreacutni-post 

hiorole-post 

none 

a icon-wire located at right 7 
hioreaciam-posi-paiicni (width 8: heielu 16) 



Class mime 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



bioproduci-post 
hiorole-posi 
none 

a icon-wire located at lel l 7 
hioproduci-posi-paiicm iwidtli 8: heisht 16) 
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Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Menu option 
Inherited attributes 



Attribute displays 
Stubs 

Icon description 



hiomodei 

biovicw-ohject 

none 

unless in administrator, uil-build. or 
developer mode: 

menu choices lor biomodel exclude 

additionally: chance-size: 

attributes visible for biomodel exclude 

additionally: toggle-state: 
when in simulation, navigation, or explorer 

mode: selecting any biomodel implies 

details 
not a final menu choice 
references is "": 
warnings is "": 

toecle-state has values show or hide (default 

is"HIDE): 
label is "". with an index: 
description is 
inherited 
inherited 

biomodel-pattern (width |(K): height KK): 
dark-color = dim-gray, light-color = light- 
crav. white-color = white) 



Class name 
Superior class 
Attributes specific 10 class 
Menu option 
Inherited attributes 



Attribute displavs 
Stubs 

Icon description 



sub-model 

biomodel 

none 

a final menu choice 
references is "": 
warnings is "": 

toggle-state has values show or hide (default 

is HIDE), with an index: 
label is "". with an index: 
description is "" 
label offset by (-73. 15) 
inherited 

suh-model-pattcnt (width 160: height 60: 
dark-color = dim-gray, light-color = light- 
gray, white-color = while, status-color = 
medium-aquamarine, flag-color = medium- 
aquamarine: 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Icon description 



biorcservoir-hin 

biomodel 

none 

a final menu choice 

biorcservoir-bin-pattem (width KK): height 
60: dark-color = dim-gray, light-color = 
light-gray, white-color = white, type-color 
= crav. siatus-color = cadet-blue: 



Class name 
Superior class 
Attributes specific to class 
Capabilities and restrictions 
Menu option 
Icon description 



on-hold-bin 
biomodel 
none 

acii vatablc-subworkspace 
a final menu choice 

on-hold-bin-pattern (width 50: height 60: 
dark-color - dim-gray, light -color = light- 
gray, white-color = white, status-color = 
•jrccn-vellow: 
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ClaSS Maine 

Superior class 

Attributes specific to class 

Icon description 



TABLE 67 

ccll-eompannicm 
hiomodcl 

suriaee-or-volume is given by a compartment-volunie-par 
cell-compartmeni-patteni i width yu. height l J0: 
dark-color, liclu-eolor. while-color) 



Class name 
Superior class 
Attributes specific 10 class 
Capabilities and restrictions 
Menu option 
Icon description 



cell-surtace 
cell-companment 
internal-markers is "" 
mine 

a final nienu choice 

eell-surface-pattem iwidth 130: lieiuhl 200: 
status-color, flac-color: 



Class name 
Superior class 
Auribuies specific to class 
Menu option 
Icon description 



nucleus 

cell-compartment 
none 

a final nienu choice 
nucleus-pattern i width 90: height MO. 
siaius-color. flac-color) 



Class name 

Superior elas> 

Auribuies specific lo elas> 

Menu option 

Icon description 



eell-nk:mbrane 

eell-conipanmeni 

none 

a final menu choice 
cell-membrane-patiem i width *J* »- be 
status-color . flac-color > 



iclll y<): 



Class name 

Superior class 

Attributes specific to class 

Menu option 

Icon description 



membrane -compartment 

cell-membrane 

none 

a final nienu clxiicc 

membranc-eonipanmenl-paueni i width 90: height 90. 
status-color, flac-color) 



TABLE ftS 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Inherited attributes 



lop-container 
hiomuuel 

volume is given hy a eoniparinK-ni-volume-pai 
not a final menu choice 
references is""': 
warnings is "": 

logclc-siaie has values shi'W or hide (default is HIDK> 
label is "". vviili an index: 
description is "" 



Class name 

Superior class 

Attribute* specific lo class 



Attribute displays 
Icon description 



cell-bionudel 
top- container 

niax-volume is given by a cell- volume-par. 
volume is given hy a eell-volunte-par: 
cell-radius is civen by a eel I -radius- par. 
species is ""; 
organ-or-system is "" 
tissue is "■": 
cctl-lineagc: 
phcnoiype is "": 

cell-cycle-duralion is civen by a cyele-time-pvar: 
rey-tactors is ■"': 
expr-receptors is "": 
seer- l ac tors is "": 

total-protein is civen by a total-protein-par 
generauon-iiumher is civen hy.a ceneration-number-par. 
numher-oi'-cells is given by a cell-number-par: 
niass-per-cell is civen by a eel I- mass-par 
cell-phase is GO 
label offset hy t"-55.-52> 

cell-bion»i<del-pallem nvidih M«.': height |f*l: dark-cmo: 
ticlii-color. white-color. ivpe-toK»r. staiu^-color 1 



WO 96/22575 PCT/US96/00883 



TABLE 69 (X. 


Class name 


time-compartment 


Superior class 


hioiuodcl 


Attributes specific in class 


ncxt-activation-block: 


dcacuvation-block: 




acuvation-hold-inierval is given by a timc-delay-par: 




dciciivaiion-ume is "": 




deacuvaiton-hold-iniervju' is given by a linte-delay-par: 




sums has values activated or deactivated (default is 




DEACTIVATED) 


Capahi lilies and restrictions 


activatablc suhworkspace 


Menu option 


not a final menu choice 


Stubs 


an output cycle-patli ncxi-1 iocaied al right 40: 




:ui input cycle-path previous- 1 located at left 40 


Icon description 


tirne-compartment-pauem i width 80: height 80: 




dark-color, light-color, white-color) 



Class name time- submodel 

Superior class ume-companment 
Attributes specific to class none 

Stubs an output cycle-path next- 1 located :n bottom 80: 

an input cycle-path previous located at top 80 
Icon description time-suhmodel-pattem ( width 160: height 60: 

suitus-color. Hag-color > 



Class name cell-phase 

Superior class ume-companmcni 

Attributes specific to class typical-fraction: 

generation-number is given by a gener.ition-«umber*par. 
humber-of-cells is given by a cell-number-par: 
mass-per-cel! is given by a cell-mass-par 

Menu option not a final menu choice 

Icon description cell-phase-patteni twidlh 80: height 80) - - 



Class name gO-phase 
Superior class cell-pliase 
Attributes specific to class none 

Stubs an output cycle-pat]) g 1 located at bottom 20: 

an input cycle -pad) m located at right 60: 
an input cycle-path di located at left 40 

Icon description gO-phase-patteni twidih 160; height 80; 

status-color, type-color, flag-colon 



TABLE^6^t» 



Class name timer 
Superior class hioiool 

Attributes specific to class toggle -state has values snow or hide (default is HIDE): 

activation-time is given by an elapscd-simul-time-par 
Class restrictions unless in administrator or uil-butld mode: 

menu choices for timer exclude additionally: move. name. 

chance-size, color, describe, go-io-suhworkspacc: 
when in modeler, simulation, navigation, or explorer mode: 
menu choices for timer include: creale-sw. show- sw. hide-sw 
Icon description timer-pattern twidUi 30: height 30h dark-color, light-color. 



Class name 


count-down-iuner 


Superior class 


timer 


Attributes specific to class 


count-down is given by a limer-coutu-down-par 


Class name 


count-up-umer 


Superior class 


timer 


Attributes specific to class 


count-up is given by a timer-couni-up-par 



i*7 
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TABLE 70 
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Class name hiomodel-post 

Superior class hiopost 

Atirihuics specific to class rel-hiomodcl is "interred" 

Class restrictions when in navigation or simulation mode: selecting any hiomodel-post implies show 

Icon description hinmodel-po.M-pauem (width 25: height 35 • 



Class name ouipui-hm-post 
Superior class hiomodel-post 
Aitrihutes specific to class none 

an usci-mcnu-choicc 

Label show-hm 
Applicable class huimodcl-post 
Condition none 

Action start SHOW-BM-PROC (the item, this window! 



SHOYV-BM-PROC (post: class hiomodcl-post . win: class window) 
BM = the biomodel named hy the rel-hiomodcl ol post: 
case the toggle-state ot post is 
sIkiw: 

cIuuvjc the color-pattern ol post so Uiat light-color is dim-gray, dark-color is light-gray . 
show' the WS ol BM on w in at the center ol die screen: conclude that Hie toggle-state of post is hide: 
change die color-pattern ol post so that lamp = ihe symbol maroon: 
hide: 

ciuuige the color-pattern ol post mi diat light-color is light-gray, dark-color is dim-gray : 
hide the WS of BM on « in: conclude dial ihe loggle-state of posi is show : 
cnange die color-pattern ol post so that lump = the symbol green, 
return 



TABLE 7| 



Class name 
Superior class 
Aitrihutes specific to class 
Inherited attributes 



Icon description 



cell-imeraction 
biomodel 

none .v: ; 

references is "": 

warnings is "": 

toggle-state has values show or hide tdetauli is HIDE >: 
label is "". w ith an index: 
description is 

cell-iiueraction-pauernt width 14(1: height 100: dark-color, light-color, 
white-color, type-color- 1, iypc-color-2. status-color- 1 . status-color-2i 



Class tuime 
Superior class 
Aitrihutes specific to class 
Class restrictions 



Attribute displays 
Stubs 



Icon description 



iiiicmcung-ccll 
biomodel 

niaster-cell-hioniodel is none 

unless in administrator or developer mode, 
menu choices exclude additionally: details, move. name, disable, describe: 
attributes visible exclude additionally: notes, toggle-state, names: 

when in simulation, navigation, or explorer mode: 
selecting any interacting-cell implies master-detail* 

label ollset by <-55. -52 > ' 

a c-link located at right 10: 

a c-link located at right 30: 

a c-link located at right 50: 

a c-link located ai right 70: 

a c-link located at right 90: 

a c-link located at hoitom 30: 

a c-link located ai bottom 70: 

a c-link located at left 10: 

a c- 1 ink -located at left 30: 

a c-link located at lei l 50: 

a e-link located at tell 70: 

a c link located ai leliyO: 

a c-link located ai top 20: _ 
a c-link located anop X<> 

inieraciine-ccll-paticrn ■ width 10C1: heiglu 100: dark-color, tight-color, 
tt lme-color. type-color, status-colon 
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TABLE 72a 



Class name 

Superior class 

Attributes specific 10 class 



Class restrictions 



Menu i>piion 
Aiirihuic displays 
Stubs 

Icon description 



extracellular -component 

hiopost 

label is "": 

ref-bioentity is hoik: 
rel-hiorcservoir is none: 
rel-hioprocess is none: 
description is "" 

unless in administrator or developer mode: menu choices exclude additionally: 

rotate-refleei. disable, describe, create-suhworkspace: 
when in modeler or general mode: 

menu choices exclude additionally: show -bp. show-hr. 
when in simulation or navigation mode: 

menu choices exclude additionally: bp-activation, br-activation: 
when in simulation, navigation, or general mode: menu choices exclude 

addiiionally:delete. move. name, clone, change-size, color, unnamc-it. set-rels: 

attributes visible exclude additionally:namesrref-bioreservoir. ref-bioprocess. 
ref-bioeniity 
not a final menu choice 
label offset by (-60. 6) 
a link located at right 10: 
a link located at left 10 

extracellular-componcnt-pattern (width 120: height 20: white-color = white) 



Class name 
Superior class 
Attributes specific to class 
Icon description 



Class name 
Superior class 
Attributes specific to class 
Icon description 



surface-component 
extracellular-component 
surt'acc-cxprcssii*n-info is "" 

surfacc-componeni-pattem l width 120: height 20: white-color = white) 



secreied-componcnt < 

extracellular-component 

secretion-info is."" 

scereicd-component-pauem (width. 1 20: height 20: white-color = white) 



Class name 
Superior class 
Attributes specific to class 
Icon description 



systemic-component 

extracellular-component 

none 

systemic-component-patteni (width 120: height 20: white-color = white » 



TABLE 72b 



an user-menu -choice 
Label sct-reis 
Applicable class extracellular-component 
Condition the item has a name 

Action start EXTRACELL-COMP-SET-REFS-PROC (the item, this window i 



EXTRACELL-COMP-SET-REFS-PROC (post: class extracellular- component. W: class window i 
PP= the biopml-posi named by the name of post: 
BR = the biorescrvoir superior to the workspace of PP: 
RP = the biorole-post named by the name ol post: 
BP = the bioprocess superior to the workspace of RP: 
conclude that the ret-bioreservoir of post = the name of BR: 
conclude that the rcf-bioprocess of post = the name of BP:. 

if the ref-btoentiiy of BR is not none then conclude thai the ref-hioemiiy of post = the rel-biocntiiy of BR: 
make post permanent: 
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TABLE 72c 



an uscr-meiiu-duiicc 
Label show-bp 
Applicable class extracellular-component 

Condition die item has a name and die ref-hioprocess i>f die item is noi none 

Acuon start EXTRACELL-COMP-SHOW-BP-PROC (the item, iliis windou i 



EXTRACELL-COMP-SHOW-BP-PROC (post: cLiss cxiraccUular-conipniicm . W: class window) 
BP = die bioproecss named by Uic ref-hioprocess ol post: 
view = die suhworkspace of BP 
chance die size of view 10 minimum: 
show view on W 100 units above die comer of the screen: 



TABLE 72d 



an user-menu-choice 
Lahel show-hr 
Applicable class extracellular-component 
Condition die item has a name and the rcf-hioreservoir of 

the item is not none 

Acuon start EXTRACELL-COMP-SHOW-BR-PROC (die item, diis window! 



EXTRACELLCOMP-SHOW-BR-PROC (post: class extracellular-component. W: class window > 
BR = Uie biorcservoir mimed by die re f -biorcservoir of post: 
view = die suhworkspace of BP 
chance die si/e of view to minimum: 
show view on W I(X) units below the center of die screen: 



TABLE 73c 



an user-menu-choice 
Label hioemity 
Applicable cLiss extracellular-component 

Condiuon die ref-hiocniiiv of die item is not none .- 

Acuon stan EXTRACELL-COMP-BIOENTJTYPROC (dieitem. ibis window) 



EXTRACELL-CONIP-BIOENTITY-PROC (EC: class extracellular- component W: class window) 
BET = the hioemiiy named by die ref-hioomity of EC : 
ESW = Ute suhw<irkspace of BET: 
if die losclc-stale of EC is hide dien: 

conclude dial die to.sclc-siaic of EC is show: 

change die si/e of ESW to minimum: 

show ESW tin W at die center of die screen: 
else if die loccle-siatc of EC i:. show Uien 

hide ESW on W. 

conclude that the locale-siate of EC is hide: 



TABLE 721 



an user-menu-choice 
Label uiiname-it 
Applicable class extracellular-component 
Condiuon the item has a name 

Acuon start EXTRACELL-COMP-REMOVE-NAME-PROC (die item, diis window) 



EXTRACELL-COMP-REMOVE-NAME-PROC (post: class hiorolc-posL W: class window) 
BP = the bioprocess superior to die workspace of post: 
if diere exists a hiopool connected to post dien: 
BR = die biorcservoir superior to the workspace of die hiopool connected to post: 
if diere is a hiopool -post named by die name of post then 
PP = the biopool-posi named by the name of post: 
change the ref-hioprocess of PP to "none": 
make PP permanent: 
chance die ref-bioreservoir of posi to "none": 

chance the names of post to "none": __ 
make post pcrni;uient: 

7ao 
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TABLE 73 



Class name 
Superior class 
Aurihuies specific to class 
Menu option 
Icon description 



Class name 
Superior class 
Aurihuies specific lo class 



Menu option 
Icon description 



organ 

hiomodet 

none 

not a final menu choice 
organ-pattern I width 140: height 100: 
type-color, sunus-color ) 



lymph-node 
organ 

cell-number is given by a cell-number-par: 
b.lymplnvytes is given by a cell-number-par; 
t.lymphocyies is given by a cell-number-par: 
macrophages is given by a cell-number-par: 
b..cd4..cdX is n.n.n: 

tcrp.cd4p.cd8n is given by a phcnoiype-par. 
icrp.cd4n.cd8p is given by a phenotypc-par: 
oiher-phcntMvpes 
a final menu choice 
lymph-node-paucrn 



Class name organ-region 

Superior class hiomodcl 

Attributes specific to class none 

Menu option not a final menu choice 

Icon description organ-region-pattcm 



Class name differentiation-pathway 
Superior class bionhxlel 
Aurihuies specific to class none 

Icon description dillcrentiation-palhway-patiern t width 100: height 120: 

dark-color, light-color, white-color i 



Class name 
Superior class 
Attributes specific to class 
Attribute displays 
Stubs 



lam description 



cell 

hiomodcl 
iii-tissucs is "": 
label offset by t35. 30) 
a c-link located at top 40: 
a c-link lt»catcd at bottom 20: 
a c-link located at bottom 40; 
a c-link located at bottom ftO 
cell-pattern (width SO: height SO: 
dark-color, licht-color. lineacc-colorl 



TABLE 74 

a tabular l unction ol I argument 

Tabic of values 
| Substrate 1 1 | Product 1 1(| Substrate 1 1) 



0 


it: 


3.13 


757 


ft.25 


1.305 


12.50 


1.932 


25.00 


3.045 


50.00 


3.356 


100.00 


3.47S 
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A-UOWN-BIORESERVOIR-OF. a relation 
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First class 
Second erj»* 
Relation name 
Inverse of relation 
Type of relation 
Rclatum ii. ■.vmmeiric? 



bioreservoir 
hioprocess 

a-down-hioresei voir-of 
an-ur^Noprocess-of 
many -to-many 



A-WAVN -BK IPKOCESSOF. a relation 



Kirsl class 
Second class 
Relation name 
Inverse of reljtion 
Type of relation 
Rela11.11 i» svmmetric'.' 



htoproeeis 

htorcservou" 

a-ikmn-bioprocess*of 

an-up- Kiorc servoir-of 

many-io-many 

no 



A-D< IWN'STREAM-BK >Pk< >CESS-< >F. a relation 



Kirsl class' 
Second cla« 
Relation namc 
Im-crse oi'relauon 
Type of relation. 
Relation 1- -vmmciric' 1 



bionruces.". 
bioprocess 

a-do«vnstrcam-biopnvess -of 

an-upsircam-hioproecss-of 

many-u»-maiiy 

no 



A-IX AVNSTKKAM-BK >RESERV( HR-OF. a relation 



First clasi 
Second class 
Relation name 
Inverse ol rclaiion 
Type of ret Jtion 
Relation is svmmetric .' 



hiiircscrvoir 
hiorcscTvoir 

j -downstream- hiorescrvoi r -of 
jn-upsiream-bKieseooir -of 
many-io-many 

DO 



THKlJt>\VNSTRKAM-BI()RF.SERV()|RS-l.lST-()F. 

a relation 



First clas< 
Second clas< 



down stream -bioreservoir-;-lisi 
bii>reservoir 



Relation name 


tlK-downstrcam-hiorc.se rvoir<-li*l-ol 


lnver>e of relation 


mine 


Type ol relathsi 


i>ne -to-one 


KcI;iu«ni -.ymmeiric'.' 


no 


THE IX AVNSTKKAM-BIOPROCF.SSKS-LIST-OF. 


First class 


bkfrocesscs-lisl 


SeconJ class 


biiireservotr 


Relation name 


lhc-do\vnslream-bioproce»M.'s-list-«»l 


Inverse of relation 


none 


Type 01 rclatnw 


\»ne-io-i»nc 


Relation i- ■.ymmetnc .' 


no 


THE-L P-BH iRKSHUV()||tS l.lST-()F. a relation 


First cla« 


up-hiorescrvoirs-list 


Second cla« 


hmrcscrvoir 


Relation name 


the- up- biore sc rvoi r < - 1 1 >l -ot 


Inverse of relation 


none 


Type ol relation 


one-10-onc 


Rclaliiw 1- •.yninietnc .' 


no 


THE-UP-BK >PR< JCESSES-UST-OF. a relation 


First class 


hioprocesses-lisi 


Second class 


bioreservoir 


Relation name 


lhc-up-bioproccs>cs-list-of 


Inverse 01 relation 


nine 


Type ol relation 


one-to-one 


Relation i> Nyirunetric'. 1 


no 


BRCtiNTAlNF.D-lN 




First das'. 


bioreservoir 


Second cla^» 


biomodel 


Relation name 


hr-contained-in 


Inverse of relation 


lhe-voniaincT-oi'-hr 


Type ot relation 


manv-io-manv 


Relation i» symmetric' 


> no ' 


BP-CoNTAlNED-iN 




First class 


bii^proecss 


Second cljs* 


!>iomt<dcl 


KcIjIi.ni name 


lip-coniaincd- in 


Inverse 01 relation 


the-ciMitaincl'-ol-bp 


Type of rcialiiMi 


manv -to-many 


Relation i« ^vmmeiric 


; iK' 



BM-CONTAINKD-IN 
First class biomodcl 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Rclaiion is svmmetric 



biomodel 
hm-ciiiitaincd-tn 
i he -com ainer-ol • bm 
many-io-many 
no 



THE-NAVIGATED-BM-( )F. a relation 



First class 
Second cbis 
Relation name 
Inverse of relation 
Type of relation 
Relation is svmmetric': 



biomodel 
entry-panel 
ihe-navigaied-hm-of 
the-naviealion-entry-paiicl-ol'-hiu 
one-ti>-onc 
mi 



THE-L'SBR-LIST-OF. a relation 



First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is svmmetric .' 



bioreservoirs-lis 
entry-panel 
tlic-usbr-lisi-of 
none 

one-to-one 
110 



THE USBR-L1STOF. a relation 



First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is svmmetric.' 



biorcservoirs-li. 
entry- pane I 
llie-ckbr-IU-of 
none 

one-u»-one 
no 



USBP-LIST-OF. a relation 

First class hiopriKcsscs-lisi 

Second class entry-panel 

Relatioti name ihe-usbp-lisi-ol' 

Inverse of relation none 

Type ol relation one-to-one 

Relation is svmmetric".' no 



THK-DSBP-I.IST-OF. a relation 



First class 
Second clas> 
Relation name 
Inverse of relation 
Type of relation 
Relation 1^ svmmetric': 



bioprcvcsses-ltst 
entry-panel 
the-dshp-li.sl -of 
none 

one-to-one 
no 



A-S1MUI-ATKD-BM-OF 
First class 
Second elas> 
Relation name 
Inverse of relaiion 
Type of relation 
Relation is svmmetric .' 



bioim *Jcl 

modcl-dcfinitii<n 

j-Mmuljied-lvu-i'l 

ihe-sirnulaiioti- model -of -Iwi 

many-ui-man) 

no 



A-SIML'LATFU BR < >F 




First class 


hiorcservoir 


Second class 


model-definition 


Relation name 


a-simulaicd-br -of 


Inverse of relation 


llie-simulation-model-of-hi 


Type of relation 


many-i«»-man> 


Relation i^ %ymmctric.' 


no 


A-SIMl'I.ATKDBP-OF 




First clas* 


hioproecss 


Second clas> 


model-definition 


Relation name 


j-stmulaied-bp-o! 


Inverse ol iclaiion 


tlie-simulaiioii-ni.slel-oi-bp 


Type of relation 


many-ti>-man> 


Relation is >ymmctnc .' 


no 


A -SELECTED -SIMUI.ATION-BK >Mt >l)F.I.-( )F 


Firsi clas-. 


biomodel 


Second class 


hiorcservon 


Relation name 


a-»elccied-simulath'n-biom«vlel->*i 


Inverse ol iclaiion 


" ll.lle 


Type 01 iclaiion 


many -i«»-man\ 


Rclalii>n i" -\ iiunetric .' 


no 
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TABLE 7ft 



Chaining Rules 

Options lor all whenever rules: inn invocable via backward chaining. 

not invocable via forward chaining, 
may cause daia seeking, 
may cause forward chaininc 



for any bioproccss BP 

for any bioprocess BP I thai is an-upsiream-bioprocess-of BP 
for any bioproccss BP2 thai is an-upsiream-bioproctas-of BP 
whenever BP 1 ceases to be tiu-upstream-bioprocess-of BP and when not (there exists a 
bioproccss BP? such that tBP2 is ait-upsiivaiii-bioproa?ss-ofBP?> and BP3 is 
uii-upatrecim-bioproceas-ot BPW then 

conclude thai BP2 is nc*.A-no\vs!>TREA\t-BtoPRoCESS-OFBP 



for any bioproccss BP 

for any bioproccss BP J that is on-tipxiream-bioprocexs-ol BP 
whenever any bioproccss BP2 becomes an-upstreant-bioprcvess-of BP\ and when BP2 is 
not (iihitpstreum-bioprocess-of BP then 

conclude that BP2 is AS-UPSTRE.\.\fBioPRoCFSS-oF BP 



for any bioproccss BP 

tor any bioprocess BP I dial is a-ilcwiistream-bioproa'sx-ol ' BP 
lor any bioprocess BP2 that is a-riowustream-bioproci'ss-of BP 
whenever BP I ceases lo bca-thiwrntreani-bioprocexx-of BP and when not (there 
exists a bioproccss BP3 such dial (BP2 is a-ilowiixiieaw-biopivvexs-oi ' BP? and BP? 
is u-tlon ttstreani-biopriKess-ot BP)) then 

conclude that BP2 is noi a- ix >w \si rfam -bioprocess -of BP 



for any bioprocess BP 

for any bioprocess BP 1 thai is (i-iltmnxireuni-bioproct'ss-of BP 
whenever any bioproccss BP2 becomes u-thn iistreaiii-bioproct'ss-oj BP I and 
when BP2 is not u-ibwiistream-biopmci'ss-oi BP then 

conclude that BP2 is a-IHWXSTRLUIBIoPROCESS-oFBP 



TABLE 77 



INKKRKNCK Bl.OL'K RUl.hS 

lor am cvcni-dcaciivaiion-block B that is an attribute of any lime-coinpannieni CC 
for any time-compartment NC connected at the ncxt-1 of CC 
whenever die status S of NC receives a value and when S is activated then 

deactivate the subworkspace of CC and conclude that the status oi CC is deactivated 

whenever the tiinc-intcrval I of any limc-aciivation-hlock B receives a value and when die 
ncia-oicff of B " I >= the time-threshold of B then 
conclude that die outcome of B is above-threshold 



whenever the lime-interval I of any liine-dcactivaiion-block B receives a value and when die 
beta-coeff of B * I >= the time-threshold of B then 
conclude that die outcome of B is nbovc-lhrcshold 



whenever the checkpoint C of any checkpoint-to-floor-block B receives a value and when U>e 
beta-coeff of B * C <= the threshold of B then 
conclude that die outcome of B is hclow-ihrcshold 



whenever the checkpoint C of any checkpoini-to-ccilinc-hltH:k B receives a value anil when the 
beta-coeff of B * C >= the threshold of B dicn 
conclude that the outcome of B is ahovc-dircshold ~ 
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TABLE 7S 
CKU.CYCI.fi RULliS 

for anv cU-phase P 

whenever ihe outcome ( ) of the ncxi-activalion-hlock of P receives a value and when t) is rh»i 
within-threshold then 

activate the subworkspace of the g I -phase G connected at the g I ol P and conclude that the 
status of G is activated 



for anv cl -phase P 

whenever the outcome < ) of the dif Icrentiaiioii-acii vation-block ol P receives a value and 

when die status of the s«-phase connected at ihe s of P is deactivated and () is not wiihin- 
threshold then _ 

activate the subworkspace of the differ-stase N connected at the di ol P and conclude dial the 
status of N is activated 



for anv 'jlrpltase P 

whenever the outcome O ol the nexi-aeiivation-hlock or P receives a value and when the status 
of the dilicr-siaee connected at die di of P is deacii\ ated and ( ) is not within-threshold then 
activate the subworkspace of the s-phase N connected at the s of P and conclude that the 
status of N is activated 

lor am s-phase P 

whenever the outcome l > of the nexi-activauon-block of P receives a value and when () is not 
within-threshold then 

activate the subworkspace of die s2-pha.se G connected at the s2 ul P and conclude that the 
status of G is activated 

for anv »2- phase P 

wlvenever die outcome O ol the apoplosN-activaiiiiit-hlock of P receives a value and when 
the status of the m-phase connected at the m of P is deactivated and () is noi within- 
threshold then ■ 
activate the subworkspace of the apopiosis N connected at ihe ap of P and conclude that die 
status of N is activated 

for anv c2-phase P 

whenever the outcome O of the ncxi-activatton-hhick of P receives a value and when the status 
of the apopiosis connected at the ap of P is deactivated and (> is not within-threshold then 

activate the subworkspace of the M-phase N connected at the m of P and conclude thai the 
status of N is activated 



for ;uiv M-pliase P 

whenever the outcome ( > of die nexl-activaiion-hlock of P receives a value and when ( ) is not 
within-threshold then 

conclude Qui the generation-number N of the gO-phase G connected at die cO ol P = IW I 
:ind conclude dial the numher-ol -cells C of G = 2 * C ;md conclude that the mass-per-cell of G 
= the mass-per-cell of P / 2 ;uul deactivate the subworkspace of P and conclude lhat the status 
nf P is deactivated 



I or anv M-phase P 

whenever the outcome O of ihe el -activation-block of P receives a value and when O is not - 
wiilun-direshold then . 
conclude dm die eeneraiioii-iiuinber N ol' die gO-phasc G connected ai die gl)ol P = N + _1 and 
conclude dial die number-of-cells C of G = 2 * C and conclude tliat ihe mass-per-cell or G = 
die mass-per-cell of P / 2 ;uid activate die subworkspace of the c I -plutse G connected ai die g 1 
of P and conclude that the status of G is activated and deactivate ihe subworkspace of P and 
conclude thai the sums of P is deactivated 

for anv dili'er-staee P ... 
whenever the outcome < ) of the next-acii vation-block or P receives a value and when U is not 

wilhin-lhreshold then 

activate the subworkspace of the cO-ph:tse GO connected at the ng ol P and conclude lhat the 
status of GO is activated and activate the subworkspace of die g I -pliase G 1 connected at die ng 
of P and conclude thai the status of G I is activated 
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TABLE 7v 
ICON CC >LI )K RULES 

lor any hiovicw-obieci O 

whenever the locale-state T of ( ) receives a value and when T is hide then 

chance the cofor-patierti ul" (> m> dm light-color is light-gray, dark-color is dim-gray, 
while-color is white 

lor any hioprocess P 

I or any bioencinc E 
whenever the tvpe-eoler of E receives a value then . 

chance the color-pattern of P so (hat type -color = the type-color of E 



Mr any bioproccss BP 

whenever BP is moved bv the user and when the subwurkspace SW of BP exists and there 
exists a biucngine E upon SW and not 'the type-color of BP = the type-color of E> then 
conclude that the type-color of BP = the type-color of E 

I or any bionodc-ohiect O 

whenever the togglc-staie T of < ) receives a value and when T is hide then 
chance the color-pattern of O so tliat light-color is lieh'.-eray. dark-color is dim-gray, 
white-color is white 



lor any complex-hioentity () 

whenever the toggle-state T of < > receives a value and when T is show then 
chajisre the color-pattern of < > so that light-color is dim-gray, dark-color is light-gray, 
white-color is black 

lor any hiiieintty-notes N 

whenever the toggle-Mate T of N receives a value and when T is hide then 
change the color -patten! of N so that light-color is light-gray, dark-color is dim-gray, 
white-color is white 

tor any hioentuy-iiotes N 

whenever the toggle-state T of N receives a value and when T is show then 
change the color-pattern of N so that light-color is dim-gray, dark-color is licht-cray. 
white-color is black 

lor the subworksnace SW of any hioreservoir-bin BRB . „ 

for any bioreservoir BR upon SW 
whenever BR is moved by the user and when not t there exists a bioreservoir upon SW> then 

change the type-color of BRB to gray 

for the suhworkspace SW of any hioreservoir-bin BRB 
lor any bioreservoir BR upon SW 

whenever BR is moved by the user and when there exists a bioreservoir upon SW then 
change die type-color icon-color of BRB 10 purple 

for any experiment-selection ES 

whenever ES is moved by die user and when the currently-selected of ES is false then 
change ihe type-color icon-color of ES to goldenrod 

lor anv experiment-selection ES 

whenever ES is moved by the user and when the curremly-selecied of ES is true then 
change the type-color icon-color of ES to cold 



TABLE 80 
Labeling rules 

for arty hiocitiitv BET 

wnencver BET is moved by the user and when BET has a name then 
conclude that the masier-bioentitv of BET = the name of BET 



lor any bioemtty BET 

for aiiy bio-ohioct-iiile T upon the suhworkspace of BET 
whenever BET is moved by the user then 
conclude thai the label of T*'|thc label of BET|" 



for any biv>cniiiy-notes FN upon the SW of any hioemity BET 
whenever FN » moved by the user then 
conclude that the label ol the bio-obiect-iule upon the subworksnace of FN = die label ot BET 
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TABLE 8 1 



ICON MOVKMKNT RULES 

lor any biopool P connected to any graph-tracer 

whenever P is moved bv the user ihen 
move ihc scaled-hr-sraph-tracer connected 10 P to (lelt-edge(P) - S. middlc-y<P) + I h and 
move ihc ahsoluie-hr-craph-iraccr connected to P to (lefl-edec(P) - S. middlc-y<P) - 10) and 
move the hr-chainiiiig-iraccr connected to P to irighi-cdgeiPi + ft. niiddle-y(P) + 1 1 1 and 
move the querv-iracer connected to P to (righi-edge(P> - ft. middle- y< P) - 1 0) and 
change die core stripe-color of every graph-link connected to P to transparent 

lor any hioengine E connected to any graph-tracer 

whenever E is moved bv the user then 
move the scaled-bp-graph-tracer connected to E to deft-edee<E) - 8. middlc-y(E) + 1 1 1 and 
move the bp-chaininlg-iracer connected to E to <lcft-cdge<E) - S. middle-y(E) - 10) and 
move die up-path-tracer connected io E to (right-edgelEi + S. middle-y(E) + II I and 
move the dovm-path-tracer connected to E to~<righl^edgetE) + 8. middle-y(E) - 10) and 
change ihc core stripe-color of every graph-link connected to E to transparent 

Mr any biopnxluct P connected to any hioproduct-posi PP 
whenever P is mined by the user then 
move PP to (righl-edgetP) + 4. niiddle-y(P)) 

change die core stripe-color ot' the icon-wire connected to R to traasparent and 
change lite core siripe-color ot die icon-wire connected to P to transparent 

tor anv bioreactant R connected to any biorcactani-pctst RP 
whenever R is moved by the user then 
move RP to tlcli-edge(R) - ?. iniddle-y(R» and 

chance the core stripe-color ol die icon- wire connected to R io transparent 



TABLE 82 



the VELOCITY ol any B10ENGINE.El.SI.il E = the first ol the following expressions that 
has a value tthe effeciive-binding-sites of the enyynie.r Z connected at the port- 1 of E * the 
catalvtic-ratc-constant of Z * (the concentration oi the soluble-mol-pool connected to Z * the 
concentration SQ of the soluble-niol-pool connected to the substrate r S connected at the .si of E 

/ 

tit not ( there exists an inhibitor.bioreaciant connected at die 1 1 of E i 

then SO + die michaeiis-constani of S else 
i if there exists a comp-inhibitor.r CI connected at the i 1 of E then SQ + 

die nuchaclis-constant of S * ( I + die concentration of die sol-mol-pool coiuieceted to I / die 
Inhibition-constant of I / die inhibition-constant ol CI ) else 
i if ihere exists a nonconip-inhibiior.r Nl connected at die i I of E then 

SQ * ( I + the concentration of the sol-mol-pool conneceied to I / the Inhibition-constant ol I / 
the inhibition-constant of Nl + ihe michaclis-consiani of Si * 1 1 + the concentration ol the sol- 
mol-pool conneceied to I / die Inhibition-constant of 1 / the Inhibition-constant of Nil else 
til there exists an uncomp-inhihitor.r Ul connected at ihe i 1 of E then 

SQ • ( 1 + the concentration of the sol-mol-pool conneceied to 1 / the Inhibition-constant ol 1 / 
the inhibition-constant of Ul + die michaclis-consiani of S i else 
<if there exists a mixcd-inhihitor.r Ml connected at the il of E then 

SQ * ( 1 + the concentration of die sol-mol-pool conneceied io I / dtc Inhibition-constant of 1 / 
the inhibition-constant of MI + the michaclis-consiani 

of S l - < 1 + the concentration of die sol-niol-p«>ol conneceied to I / die Inhibition-constant ol I 
/ the inhibition-constant ol" MI ))))»). 0.0 i 
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TABLE 83 



GENERIC-SIMULATION-FORMULAS lt>r Scaled-Valued Variables 
tlic SCALED -AMOUNT C of any BIOPOOL PO = ( max < y.9c-y. die accumulation of PO)) 



stale variable : d / dl (the ACCUMULATION C of any Biopool. POi = die input-rate of PO - 
die uuipui-ratc of PO + die scaled-entry of PO - Hie decay-raie-factor of Hie bioreservoir superior 
10 the workspace of PO * ihe scsded-amouni of PO. with initial value die seated- basal -amount of 
iJm hioreservoir superior lo he workspace of PO 

ihe l.\TLT-R.vn : . of anv BIDKKM. PO = die first of die following expressions dial lias a value 
i ( max i 0.0. die sum over each bioproduci P connected to PO of ( die production -rale of P I + 
the i'irsi of die following expressions dial has a value (die output- 1 of die model-Mock M upon 
die suhwnrkspace of die scalcd-input-modcl-hox connected lo PO. 0.0 ») . y.ye-9» 

die oi'lTLT-RATE of iuiv bioi'ool PO = die first of the following expressions diat lias a value 
i max tO.O. die sum over each biorcactant R connected lo PO of (die consumpiion-ntic of R ) + 
die first of die following expressions dial has a value tdie output- 1 of die nuxlel-block M upon 
the suhworkspace of die output-model-hox connected to PO. 0.0 ) ) . 9S)e-9 1 

die consumption- RATE of anv BIORKACTANT R = die first of die following expressions dun 

has a value ( max (0.0. the velocity of the biocnginc connected to R / the stoiehiomeiric-coell of R ). 

y.Ve-Vt 



die (.ONSUMI'IION-R.vniol any aMI'IJITER-BIOreacTanT R = 0 0 



die production- RATE of anv BIOPRoDUCT P = die first of die following expressions dial lias a value 
»max ( 1) 0. die velocity of die hioensine connected lo P * die stoichiometric -coell of P I. y.ye-V) 



die velocity of anv BIOF-NOINE E = die first of die following expressions that lias a value ( max 
< 0.0. die product over each bioreactani R connected lo E of (die alpha-coeff of R * die contribution 
of R i - the raic-coitsinni-sec of E * ihe tau-coel f of E + die bias of E ). 9.ye-9 ) 



TABLE 84 



GENERIC-SIMULATION-FORMULAS FOR THE CONTRIBUTION 
Based on Scaled-Valued Variables and Parameters 

die CONTRIBUTION of anv AMPLlFUiR -Bit MiF.ACTANT R = the first of die following expressions dial 
has ;» value ( inin (1.0. max (0.0. die effective-binding-sites of R * die scaled-amount of die htopool 
connected to R )>. 0.5 ) 

die CONTRIBUTION of anv SUBSTR.VIT.K R = die first of die following expressions dial has a value 
I nun < 1.0. max (0.0. die sealed-amount Q of die biopool PO connected to R / ( die scaled-imchaelivk 
ol'R + Qm.0.5) 

die contribution of any INHIBlTf iR.BIi ireactant R = die first of die following expressions dun 
has h value < niin ( 1 .0. max (0.0. die scaled-amount Q of die biopool PO connected to R / 
( die scaled-inhibition.k of R + Q ») . 0.5 ) 

die CONTRIBUTION of anv LEADING- BIOREACTANT R = die first of die follow ing expressions dial lias 
a value ( inin ( 1 .0. max (6.0. die effeciive-hiiidiug-sites of R * die scaled-amount of the biopool 
connected lo R n A die smicliiometric-coef f of R. 0.5 ) 

die CONTRIBUTION of anv biNDINCi-BKIRTaCTaNT R = the first of die following expressions that has 
a value < inin (1.0. max (6.0. die scaled-amount 0 of die bioptnil PO connected lo R / < the scaled 
equil.dissoc.k of R + Q ))) A die stoichiometric -coclf of R . 0.5 I 

die CONTRIBUTION of any HJN .R R = die first of die following expressions dial has a value 
( min (1.0. max (0.0. die scaled-amouni L) of die biopool PO connected lo R / ( die 
scalcd-cquilihrium.k of R + Q ))) - 0.5 > 

die CONTRIBUTION of anv SINGLE- BIORiiACTANT R = die firsi of die following expression* 
dial has a value ( min (1.0. max tO.O. the scaled-amount of die biopool connected to R n. ()..- ; 
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TABLE K5 



GKNKKIC SIMULATION KORMULAS FOK ABSOLUTE- VALUED VARIABLES 

the CONCENTRATION or any SOLUBLE-MOL-POOL PO = mux (0.0. 
the accumulation ni" PO)> 



ihc DENSITY of any COMPLEXED-MOL-POOL PO = (max (0.0. die 
accumulation of PO)) 



stale variable : d / dt (the ACCUMULATION of any SOL-MOL-POOL PO) 
= ihc inpui-raic of PO - the output-raic of PO + the conccntraiion-eniry ol 
PO - the dccay-ratc-l actor of the sol-mol-rescrvoir superior to die workspace 
of PO * (he concentration of PO. with initial value the basal-conccniraiion of 
PO 



state variable : d / dt (the ACCUMULATION of any COMPLEXED-MOL- 
POOL PO) = die input-rate of PO - the output- rate of PO + the dcnsity^cniry 
of PO - die decav-ratc- factor of ihc bouud-mol-rcscrvoir superior to the 
workspace ol PO * the densitv of PO. with initial value the basal-density of 
PO 



the INPUT-RATE of any BIOPOOL PO = the first of ihc following 
expressions dial has a value (max ( 0.0. ihc sum over each hioproduci P 
connected to PO of ( die produciion-raic of P ) + (he first of die following 
expressions that has a value (ihc output- 1 of the model-block M upon the 
subworkspace of the input-modcl-hox connected to PO. 0.0 )). 0.0) 

the OUTPUT-RATE of any BIOPOOL PO = the first of the following 
expressions that has a value l max (0.0. the sum over each bioreacianl R 
connected to PO of (the consumption-rate of R ) + the first of the following 
expressions that has a value (the output-1 of ihc model-block M upon ihc . 
subworkspace of the output-model-box connected to PO. 0.0 ) ) . 0.0) 

die PRODUCTION-RATE of any BIOPRODUCT P = the first of ihc 
following expressions dial has a value I max ( 0.0. the velocu> of die 
hioensinc connected lo P * die sioichiomctric-oiclf of P V 0.0 ) 

the CONSUMPTION-RATE of any BIOREACTANT R = the first of die 
following expressions thai has a value i max (0.0. die vchvity of die 
hiocnuiifc connected to R / ihc sioichionictric-cocff of R ). 0.0) 



the CONSUMPTION-RATE of any AMPLIF1ER-BIOREACTANT R = 0.(1 



the VELOCITY of any BIOENGINE.EI.SI.il E= the first oi ihc following 
expressions thai has a value (the cffcctivc-binding-sitcs of the enzymc.r Z 
connected ai ihc pon- 1 of E * die catalyiic-rate-constam of Z " (the • 
concentration of the sol-inol-poo) connected to Z * the concentration SQ of 
the sol-mol-pool connected to the substraie.r S connected ai the si of E / SQ 
+ the michaelis-consiam of S * (if there exists a comp-inhibitor.r I connected 
at die i I of E dicn ( I + die concentration of the sol-mol-pool connccf ted to 1 
/ die Inhibition-constant of I ) else I )). l.Oe-Wi 
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TABLE 86 



GENERIC SIMULATION FORMULAS FOR MIXED-TYPE 
SIMULATIONS 

state variable : d / dt (the ACCUMULATION of any BIOPOOL PO) = the 
input-rate of PO - ihc ouipui-ratc of PO + the density-entry of PO - the decay- 
rate-factor of the hiorescrvoir superior 10 the workspace of PO * the density 
of PO. with initial value the basal-density of PO 



the DENSITY of any biopcx >l PO = the first of the following expressions that 
has a value ( max ( 1 .Oe-9. ( the scaled-amount of PO * the scaling-density of 
PO ) ). 9.9C-99 ) 



the concentration C of any Bl()P(Xrt. PO = the first of the following 
expressions that has a value ( max ( 1 .Oc-9. ( the densiiv of PO / ( 6.023e2? 
* top-volume-po<PO))» . 9.9e-99 ) 



the CONTRIBUTION of any AMPLIFER-BIOREACTANT R = the first of 
the following expressions that has a value ( min ( 1 .0. max (0.0. the 
eiiceiive-binding-siies of R * the density of the hiopool PO connected to R / 
the scalinc-density of PO)). 0.5 ) 



the CONTRIBUTION of any SUBSTRATE.R R = the first of ihc following 
expressions that has a value t min ( 1.0. max (0.0. the concentration Q of the 
biopool PO connected to R / 1 the michaclis- 
consiant of R + Q ))) . 0.5 ) 



the CONTRIBUTION of any 1NHIBITOR.BIOREACTANT R = 

the first of the following expressions that has a value ( min < 1 .0. max (0.0. 
the concentration Q of the""hiopool PO connected to R / ( the inhibition- 
constant of R + Q))). 0.5 ) 



the CONTRIBUTION ol any LEADING-BIOREACTANT R = the first of 
the following expressions that has a value < min 1 1.0. max (0.0. the effective- 
binding-sitcs of R * ihc density of the biopix>l PO connected to R / the 
scaling-density of PO)) A the sioichiomctric-coeff of R. 0.5 ) 



the CONTRIBUTION of any BINDING-BIOREACTANT R = the first of 
the following expressions that has a value < min < 1 .0. max (0.0. the density Q 
of the hiopool PO connected to R / < the cquilibriunwlissociation-coiisiaiu of 
R + Q ))) A the sioichiomciric-coeff of R . 0.5 ) 

the CONTRIBUTION of any ION.R R = the first of the following 
expressions that has a value ( min (1.0. max (0.0. the concentration Q of the 
biopool PO connected to R / ( the equilibrium-constant of R + Q ))) . 0.5 ) 



the CONTRIBUTION of any SINGLE-BIOREACTANT R = the first of the 
following expressions that has a value ( min ( 1.0. max (0.0. Uic density of 
the biopool PO connected to R / the scalinc-density of PO)). 0.5 ) 
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GENERIC SIMULATION FORMULAS lor Model Blocks 
the output- 1 of any C( )NSTANT.F CF = the constant of CF 

Tracing and break points default the output- 1 of any 1NCREASING.F = trie current time • le-5 

the output- 1 of any PROPORTION AL F PF = the input- 1 ol PF * the gain of PF + the bias of PF 

the output- 1 oi "any S1GMOIU.F SF = 1.0 A 1.0+ e\p i - the gain of SF * < 10 - the input- 1 of SF i 
- the bin* of SF > > 

the output- 1 of any EXP.C PDF C = 1 .0 - exp i- the .wal of E / the mean of El 

the output- 1 of any EXP.l PDF E = exp t- the x-v; t | X of E / the mean M of E) / M 

the output- 1 of anv UNIF.C.PDF UC = < if the wal X of UC < the nun-val Ml of UC then Ml else 
i if X > the max-val MA of UC then MA else t t X - MI) / { MA • MI )>) I 

the output- 1 of any UNIF.RN.F UR = random ( the min-val of UR. the max-val of UR > 

the output- 1 of anv NOKMAL.RN.PDF NR = the mean of NK + ( < the max-val of NR + the min-val 
•>f NRi/ft ) ' si|n*t -2.1) • In t random t 0.0. 1.0) ) > * sun 2.0 * pit) ' random t 0.0. 1.0) I ' 
In t random ( 0.0. 1.0) ) 



Hie output- 1 ot anv N( )RMAL.I.PDF Nl = exp uexpt mlie x-val ol'Nl - the mean of NI i. 2>)/(2.0 - 
< the max-val MA of NI + the min-val Ml of Nl) / <•> >> " ( 1.0/ isqrt ( 2.0 " pi • i ' i MA + Ml) /f» if 

the output- 1 oi any SLVTIME.F ST = max t the min-val of ST. mm t tne max-val of ST. the bia> 
of ST + the sain of ST * sin < the current time / the frequency of ST i i ) 

the output- 1 of any C( )S.T1ME.F CT = max i the nun-val of CT. mm (the max-v;d of CT. cos 
i the current nnie / the frequency of CT ) / the cam of CT ) ) 

the output- 1 of any EXP.RN.PDF E = max t the mm-val of E. mm i the max-val of E. - 
In I random iO.O. 1.0> ) - the mean of E n 



TABLE RS 



GENERIC SIMULATION FORMULAS for Cell Cycle 

state variable : d /dt tthe number-of-cells of any « I -phase Pi = the progression-rate oi the cycle-path 
emmccted at the GO of P + the progression-rate oi" the cycle-path connected at the I)i of P - the 
progression-rate of the c\cle-path connected at the S of P. with initial value 0.0 

Mate variable : d / dt (the number -oi -cells of any S-ph:ise P> = the progression-rate of the cycle-path 
connected at the Gl of P - the progrosion-raie oi the e-cyclc-path connected at the 02 ol P. with 
initial value 0.< > 

state variable : d / dt (the number-of-cells of any G2-phase Pi = the progression-rate of the cycle-path 
connected at the S of P - the progression-rate of the c-c>cle-path connected at the M ol" P - the 
pro<:rcssu>n-raie of the cycle-path connected at the Ap of P. with initial value 0.0 

state variable : d / dt (the number-of-cells of any M-phasc Pi = the progression-rate of the cycle-path 
connected at the G2 of P - the progression-rate of the cycle-path connected at the GOol P - the 
progrcSMon-rate of the c\cle-path connected at the Gl of P. with initial value 0 0. 

state variable : d / dt (the number-of-cells of any differ-stagc Pi = the progression-rate of the 
cycle-path connected at the Gl of P - the progression-rate of the c-cycle-paih connected at the NG 
of P. with initial value 0.0 

state variable : d / dt ithe number-of-cells of any apoptosis Pi = the progression-rate ol the c>cle-p:ith 
connected at the G2 of P. with initial value 0.0 

state variable : d / dt (the number-of-cells of any cell-phase Ci = the sum over each cycle- path Pi 
connected ai an input of C ol ( the progression-rate of Pi i - the sum over each cycle-path Po 
connected at an output of C of (the progression-rate of Pol . with initial value 0.0 

the progression- rate oi any c-cyclc-path P = the rate-constant oi P - ihc t.w-coeffof P * the 
numhcr-oi-cells oi ihc cell-phase connected at the impui of P 
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TABLE 89 




an user-mcnu-choice 


Label 


creuie-local 


Applicable class 


complex-hiocntity 


Condition 


the iicni has a name 


Action 


start ET-CREATE-LOCAL-PROC (the item, this 


window) 





ET-CREATE-LOCAL-PROC <EN: class complcx-bioentity. W: class 
window) 

create a complex-hioeniity LO by cloning EN: 

transfer LO to the \VS of EN at (the item-x-position ol EN + 

10. the itcm-y-nosition of EN - 3* >>: 
lor each hiocntily CO upon the SW of LO do 

make CO transient and delete CO: 
lor each biocntiiy-notcs BN upon the SW of LO do 

make BN transient and delete BN: 
make LO permanent: 



TABLE 90 




an user-menu-choice 


Label 


add-scaled-input 


Applicable class 


biopool 


Condition 


the scaled-input -model -box connected to the item does 




mn exist 


Action 


start CREATE-SC ALED-1NPUT-MODEL-BOX- 




PROC (the item, this window) 


CREATE-SCALED-INPLT-MODEL-BOX-PROC (BP: class biopool. 
Win: class window! 
create a scaled-input-inodel-box B by cloning MASTER-SCALED- 



INPIT-MODEL-BOX: 
transfer B to ihe workspace of BP at (leli-edcetBP) -7. middle-y<BP)+56): 
make B permanent: 

show ihe subworkspace of B on Win with its center .*40 units above the 
center of the screen: 



TABLE 9 I 



an uscr-mcnu-choice 

Label crcaie-sw 
Applicable class bioencinc 

Condition not (there exists a subworkspace of the iiem I and 

the mcde-state of the item is hide 
Action Stan CREATE-SW-FOR-BIOENGINE (the item, this 

window i 



CREATE-SW-FOR-BIOENGINE (E: class biocnginc. win: class window* 

create a workspace box by cloning the SW ol bioeNGINE-SVV-mastEU: 
show box on win at lite center of ihe screen: 
make box the subworkspace of E: 
make box permanent: 
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TABLE 92 



an ti**r-nii*niiH"hiwi* 
Label add-top-nost 
Applicable class hinpool 
Condition none 

Acuon >ion CREATE BK )W K >L-P-P< )ST-PR( KT < the item, ihis window ■ 



CREATE-BK )W )« >L-P-P« )ST-PR< )C (BP: class hiopool. Win: class window) 
create a biopool-p-post P: 

ti ihe hiopooi-p-posi connecied .n ihe p<>2 of BP divs not exist then 
next-label = pp()2~: 
\ = - 50: else 

if ihe hiopool-p-post connected :n ilie pfW of BP does ikm exist then 
nexi-lanel = "pplU : 
\ = - 25: else 

if ihe biooool-p-posi connecied ai ilie p<>6of BP does not exist then 
next-label = "pp06": 
x = 0: else 

if ihe hiopool-p-post connected ;u Uie p08 of BP does not exist then 
iiexi-lahel = ' ppOX' : 
x = 25: else 

if uv biopool-p-posi connecied ;a ihe plO of BP does not exist then 
next-label = "pplU": 
\ = 50: else 

if ihe biopool-p-post connected ai ihe pi 2 of BP does not exist then 

next-label = ppl2 : 

\ = 75: else 
o> 10 pan-2-roiiune: 

transfer P to ihe workspace of BP at i niiddle-x i BP) + x. midUle-yi BP) + 4I»: 
chance ihe lexi of Uie label of P lo "iiiexi-label|' ': 
call POOLPOST-NAME-tT.PROC iP. Wini: 
make P permanent: 
return: 
p;in-2 -routine: 

if iiim (there exisis a biopo»->l-p-posi connected ai the ptM of BP) then 
next-label = pp(H": 
x = -63: else 

if ihe hiorxxM-p-post connected ai ihe p03 of BP does not exisi ihen 
nexi-label = ' pp03": 
x = -3.S:else 

if ihe biopool-p-posi connecied ai ihe pi'5 of BP does noi exist then 
next-label = "pp()5 ": 
x = -13: else 

it ilie bu^pool-p-posi connected ai ihe p<)7 of BP does not exisi then 
next-label = ppl>7": 
x = 12: else 

if ihe biopool-p-poM connecied at ihe pi N of BP docs not exist then 
nexi-label = ' pptW": 
x = 37: else 

if ihe biopool-p-posi connected ai ilie pi I of BP does not exist ihen 

nexi-labei = ppl 1": 

x = 62: else 
co 10 exu-rouune: 

Transfer P 10 the workspace of BP an middle -x i BP) + x. middle -yi BP) + «>): 
chance the text of ihe label oi P to "|nexi-label| ": 
c;ill H X >LP< )ST-N.AME-IT-PR( HT ( P. W m i: 
make P permanent: 
return: 
cxit-muiine: 

md = call uil-creaie-messace-dialoc i "md ". "Chance the label oi the new post to ihe 
nexi consecutive number, such as ppl 3. place it in next position, and connect ii to 
the connection oi ihe last raised post, and select name-it imm us menu", win. the 
svmbol none. 0. (»: 

transfer P to the workspace of BP at imiddle-x i BP) + 104). midJle-yt BP) + HK1V. 
make P permanent: 

it ihe biopool-p-posi connected at die pill of BP exists then 
move the b«ipoo!-p-posi connecied ai ihe pOl of BP to < middle-x ■ BP) 
• n.v nuudte-yiBPi + ii«'i: 
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an iiscr-menu-cftoive 

I .abcl name-it 

Applicable class hiopoii|-po*l 

Condition the item has no name 

Action sun POOLPOST-NAMt-lT-PROC (the item. Hits window) 

P( )( H.POST-NAME-IT-PktlC iposi: class biopool-posi. win: class window ) 
Bit = the hioreservoir superior to Hie workspace of post: 
knslh = leneth-ot'-iexi ("jihe name of BR|" 

base-name = omii-froniiext i"]ihe nanie of BR)", length - I. length): 
posi-name = insen-in-iexi i (the label of post|". base-name, lencth • 1 1: 
chanue the name of post in symbol ( "|posi-name)"i: 
change tbe text of the label of posi to "[post-name] ": 
chance the face-color icon-color of posi to preen; 
make post permanent: 

TABLE 94 
an uscr-menu-choice 



Label unname-n 

Applicable class hiopt«'t-nnst 

Condition the item has a name 

Action start P< K )|.POST-REM( >VF.-NAME-PK< KT ithe item, this window t 

P( « )l P< >ST-KhM< >VF.NAMK-PK< K* < post: class biopool-post. W: class window i 
change ihe ie\i ol Hie names of post to "none": 
change the text of the ref-hioproccss ol posi to none": 
length = leneili-oi-iext ■ the label of posn. 
base-label ="omit lroni-texi ulie label of post. I. length - 4i: 
change the lexi of the label oi 10 ' | base- label |' : 
change the face-color icon-color ol po>i to light-gray: 
make p-.'M permanent: 

TABLK 95 
an user-menu-ehoice 



Label unname-it 

Applicable class biorole-post 

Condition the item has a name 

Action siari R( )LEP< )ST-REM< >VK-N AMF.-PRC >C i Hie Hem. this window > 

R( >LEP( >ST-REM< )VL N.A.MK-PR( >C ipost: class hiorole-posi. win: class window i 
if there exists a biopool connected to posi then 

BK = Hie hioreservoir superior to ihe workspace of the biopool connected to posi: 
i: the biopoolposi named by ihe name of post exists ihen 
PP = ihe biopool-posi named by the name of post: 
chan.se the lew of the ref-biopnvess ol PP to "none": 
make PP permanent: 
change ihe text til' ihe ref -hioreservoir of piist to "none": 
change the text ol ihe tumie> oi poM t«> none": 
chance ihe text oi the label of posi lo none' : 
make post permaneni. 



TABLE VW 
an user-menu-elkMce 



Label sei-refs 

Applicable cla.vi hiorole-posi 

Condition the item has a name 

Aeiion start K( )LEPOST-SKT-REFS-PR< )C i the item, this window i 

Rl >LhP< )ST-SKT-REKS-PR( )C i pom: class hiorole-posi. W: class window) 
BP = ihe bioprivess .-upenor lo ihe workspace nl' post, 
it there exists a biopool P< > connected to po>i then 
BR = ihe hioreservoir superior to ihe workspace of po. 
PP= ihe hiopost named bv ihe name ol posi: 

ii post is a hioreactani-posi and PP is not a biopool -r-posi then inform the operator thai "You are irymg ei v 
ii posi is a bioproduei posi and PP is not a biopool-p-posi then inform the operaior that You aie Irving " el»c 

conclude that ihe rei'-bi. "process of PP = ihe name of BP: 

make PP permaneni. 

. include thai ihe r»*f-b|.ir»-seiv.iir of post - the name of BR: — 
make po-a permaneni. 
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TABLE 97 



initially show ihe subworkspace of INIT1 ALIZATK 1N-PANEL at the comer ot tlie screen 



TABLE 9X 



BASIS-NtENU-HEAIJ-CALLBACK (button: class button, win: class window, dle-or-wksp: class itemi 
it the user-mode of win is developer then start gdm-init-aiid-show -menu-system (developer -menu-head, wim else 
it the user-mode of win is modeler then start gdm-init-aiHl-show-rnenu-sysiem < modeler -menu-head, win) else 
ii' the user-mode ol win is general or the user-mode ol win is navigation then stan cdm-iim-aiid-show-rncnu-sysiem 

i ceneral -menu-head, win) else 
if the u*;r-mode ol" win is simulation then stan cdm-init-and-show -menu-system t simulation-menu-head, wini: 
return 



TABLE W 



NAVIG-IN1T-PROC (win: class window ) 
inf orm the operator thai "Initialization started": 
lor BP = each bioprocess do 
allow other processing: 

ii" the subworkspace of BP exists then activate the subworkspace of BP: 
for BR = each biorescrvoir do 
allow other processing: 

if the subworkspace of BR exists then activate the subworkspace of BR: 
call BR-INIT1ALIZATK>N-FR< )C ( >: 

inform die operator thai "The bioRcservoirs have been iniiiali/.ed ". 
lor BP = each bioprocess do 
1 1" BP has a name then 

call BP-lNiT]ALlZAT10N-PR(>C<BP): 

call DOWNSTREAM-CHAIN'ING-PROC (BPi: 

call L'PSTREAM-CHAINING-PR< MT (BPl: 
inform the operator that "The bioProccsscs have been initialized and chaining is completed : 
for BM = each hiomodcl do 
call BM-INIT1 ALIZATU >N-PR< XT I BM ): 
inform the operator dial "The bioModels have been initialized' . 



TABLE 11X1 



BR-1NIT1ALIZAT1()N-PR<X: i ) 
for BR ss each hioreservoir do 
il BR has a name then 
allow other processing: 
conclude thai the staius of BR is available: 
SW = ihe subworkspace of BR: 
P( ) = the biopool upon SW: 
conclude that the label ol Pt ) = the label ol BR: 
chance the texi of the master -biorescrvoir of BR to"[the name of BR] : 
WS = the workspace of BR: 
if the bio-obieci-tnle upon WS exists then 

conclude thai the companmem of BR = "|the label of the No-objeci iitle u[xin WS| ': 
if the wartimes of BR /= then chance the flag-color icon-color ol BR to yellow else chance the flag-color icon- 
color of BR to the status-color icon-color of BR: 
it there exists a biopool-r-post connected to P() then 
tor PRP = each biopool-r-post connected to P( ) do 
if PRP has a name then 

if there exists a bioreactani*posi RP such that < RP has a name ;utd the name of RP = the mime ol PRP) then 
DBF = the hioprocess superior to the workspace of RP: 
conclude thai the ref-binprocess of PRP = the name of t)BP: 
conclude thai DBP is a-down-hioprocess-of BR: 
if there exists a biopool-p-post connected to P( ) then 
lor PPP = each bio[iool-p-posi connected to P( ) do 
ii PPP has a name then 
allow other processinc: 

if there exists a hioproduci-posi PP such that ( PP has a name and the name ol PP = the name ol PPP) then 

L'BP = the hioprocess supenor to the workspace of PP: 

conclude that the rel-hiopnvess of PPP = the name of UBP. 

conclude that UBP is an-up-bioprocess-of BR: 
make BR permanent: — 
return 
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TABLE 101 



BP-INITIALIZATION-PROC (BP: class bioprocessi 

SW: class kh-workspace = die subworkspace of BP: 
WS: class kb-wnrkspace = the workspace of BP. 
allow other processing: 
conclude dm die sialus of BP is available: 
if iherc exists a hiocnginc E upon SW then 
chance ihe t>pc-color icon-color of BP to the lypc-color icon-color 

t»f die hioengine upon SW: 
conclude that die label of E = die label of BP: 
chance the text of the nvistcr-hioprocess of BP to "|die nanx* of BP]": 
if the hiivohjccl-ittle upon WS exists then 

conclude thai the compartment of BR = "|the label of the bkvohject-title upon WS]": 
if the warnings of BP /= "" then change the flag-color icon-color of BP to yellow else 

chance iheflag-color icon-color of BP to the t\pe-color icon-color of BP: 
if there'exisis a bioreactam upon SW then 
for R = each hiorcacutnt upon SW do. 
allow other processing: 
RP = the bioreaciant-post connected to R: 
if RP has a name then 
if there exists a bioposl PRP such thai < PRP has a name and 
the name of PRP = die rcime of RP and PRP is not a hiopool- 
r-post) then inform die operator that "A wrong connection 
lias been cstablised. A bioreactant-posi named |the name 
of RP] has been given the same name as a biopost thai is 
not a hiopool-r-post" else 
if there exists a hiopool-r-posl PRP such 

thai I PRP has a name and the name of PRP = the name of RP) then 
UBR = the bioreservoir superior to the workspace of PRP. 
conclude dial die ref-biorescrvoir of RP= die name of UBR: 
it there exists a bioproccss thai is an-up-hioprocess-of UBR (hen 
for USBP = each bioproccss dial is an-up-bioproccss-of UBR do 
conclude dial USBP is an-upstream-bkiprocess-of BP: 
if there exists a bioreservoir that is an-up-biorcservoir-of USBP then 
for USBR = each bioreservoir that is an-up-hiorescrvoir-of USBP do 
conclude dial USBR is an-upstream-hiorescrvoir-of UBR: 
if there exists a bioproduct upon SW then 
lor P = each bioproduci upon SW do 
allow other processing: 
PP = the bioproduct-post connected to P: 
if PP has a name then 
if there exists a bioposl PPP such that <PPP has a name and 
the name of PPP = the name of PP and PPP is not a biopool- 
p-post) dien inform the operator thai "A wrong connection 
has been cstablised. A bioproduct-post named [die name of 
PP| has been given the same name as a hiopmi that is not 
a biopool-p-posi" else 
if there exists a biopool-p-post PPP such 

dial f PPP has a name and the name of PPP = the name of PP) then 
DBR = the bioreservoir superior to the workspace of PPP: 
conclude thai ihe ref-biorescrvoir of PP = the name of DBR: 
if there exists a hioprocess that is a-down-bioprocess-of DBR then 
for DSBP = each bioproccss that is a-down-biopri>ccss-of 
DBR do 
allow other processing: 

conclude dial DSBP is a-downsiream-hioprocess-of BP: 
if there exists a bioreservoir thai is a-down-bioreservoir-of 
DSBPihen 

for DSBR = each bioreservoir thai is a-down-hioreservoir-of DSBP do 
conclude thai DSBR is a-dounstrcam-bioreservoir-of DBR: 
make BP permanent, 
return: 
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tXUVNSTREANI-CHAlNING-PKOC (BP: class hioprocessi 
if i here exists a hiopnxess lhat is a-downstream-hioprocess-of BP then 
lor BP! = each hioprocess that is a-downstieam-hioprocess-of BP do 
allow other processing: 

1 1 ihere exists a bioproces> that is a^ownsiream-hioprocess-oi BPl then 
for DBP = each hioprocess thai is a-downstream-hioprocess-of BPl do 
if DBP is not a-downstreani-bioprocess-of BP iheti 
allow other processing: 

conclude (hat DBP is a-downsiream-hioprocess-of BP: 
call DOWNSTREAM-CHAlNING-PROC (DBP): 
il' ihere exists a bioreservoir ihai is a-dow n-hiorescrvoir-of BP ihen 
lor BR1 =each bioreservoir thai is a-down-biorcservoir-of BP do 
allow oilier processinc. 

if there exists a hioreservoir thai is a-downstream-bioreservoir-of BR1 ihen 
for BU2 =each bioreservoir thai is a-downstream-bioreservoir-of BR I do 
it ihere exists a bioreservoir ihai is a-dowTistream-hioreservoir-of BR2 ihen 
lor DBR = each bioreservoir ihai is a-downsireani-bioreservoir-oi BR2 do 
it DBR is not a-downsiream-bioreservoir-of BR1 then 
allow oilier processinc: 

conclude that DBR is a-downstream-bioreservoir-of BR 1 : 



TABLE 103 



UPSTREAM CHAININC.-PROC IBP: class bioprocessi 
it Ihere exisis a hioprocess that is an-upstreani-hioprocess-ol"BPlhen 
lor BPl = each hioproce.v* that is aii-upsireani-l>ioprocess-oi BP do 
allow other processing: 

il there exists a hioprocess that is an-upsiream-bioprocess-of BPl ihen 
ior UBP= each hioprocess thai is aii-upsireani-hioprocess-of BPl do 
if UBP is not an-upsireani-hiopriK.es> -of BP then 
allow other processing: 

conclude thai UBP is an-upstream-hioprocess-ol" BP: 
call UPSTREAM-CHALNLNG-PROC (UBP): 
il there exists a hioreservoir that is ati-up-bioreservoir-ol" BP ilien 
lor BR1 =each hioreservoir that is an-up-bioreservoir-of BP do 
allow oilier processing: 

il there exists a hioreservoir thai is an-upsiream-hioreservoir-of BR I then 
lor BR2 =eac!i hioreservoir that is an-upstream-hioreservoir-o!" BR1 do 
il ihere exisis a bioreservoir that is an-upsireant-bioreservoir-of BR2 ihen 
lor UBR = each bioreservoir thai is an-upstream-hioreservotr-oi BR2 do 
if UBR is not an-upsiream-bioreservoir-oi BRt Ihen 
allow oilier processinc: 

conclude that UBR is an-upsiream-bioreservoir-of BR I: 



TABLE 1<U 

INIT-BM-C( >NTAlNF.l)-CALLBACK (hutton: class uil-hutton. win: etas* window, wksp: class kb-workspacei 
iniomi ihe operator thai "New hiomodcl names and containing relaiions will now be established : 
for each bionuxiel BM do: 

caU BIONU >DhLLNITlALIZATK>N-PR< XT (BMi: 
miorm ilie operator that "New hionuxlel names and containing relations are now completed 
return 

BK )M()l)F.L-LNTnAUZATl()N-PW )C (BM: class biomodch 
view = the SW of BM 

set ihe title upon view equal lo "the label of BM - die title ol view : 
lor each bioniodel BM I upon view do: 

conclude that BMI is fl.W O>.\TAAt7)-7.v BM: 

lor each bionuxiel CBM that is ihe-ionutinerof-bm BM do: 
conclude that BMI is BU-C0\7MSF.»1S CBM: 

call BIOMOI)EL-IMT1ALJZATION-PR(>C (BMI I: 
if the w amines of BM is not empty then 

chance theflae-color of BM lo yellow else chance die flag-color ol BM to gray: 
l or each bioProcess BP upon view do: 

conclude lhat BP is BFCnyTAlSF.n-lS BM. 

for each bionuxiel CBM thai is llw-t omamt-i-i'l-hm BM do: 
conclude lhat BP is BP-COVrAlXEh l.v CBM: 
lor each bioRcservoir BR upon view do: 

conclude thai BR is BK-CO\TM.\t:ii-l\ BM: 

lor each bionuxiel CBM I that is xlu-timiamtrtX-bm BM do _ 
conclude ihai BR is /w-mvTWVt/J/.v CBM. 
return 



WO 96/22575 



TABLE 105 



■\DD-yUF.R Y-CALLBACK < button: class uil-hution. win: class window, panel: cla>s selection-panel i 
' call tT-LMITlALIZATlON-PWX: 1 1: 

•.a!! l.\TT-yUERY-TABLHS-PR<)C i\vin>: 

return 



TABLE !0ft 



yUERY-INIT-CALLBACK (button: class button, w in: class window , panel: class selection-panel 1 
call NAVIG-INJT-PROC (win): 
call ET-INITIAUZATION-PRCX: ( ): 
call 1 NIT-y U ER Y -TAB LES- PR( K" iwini: 
reium 



TABLE 107 



ET-INITlALIZATK >N-PRC>C < ) 
n: intecer = 0: 
Uir FT = each coniplex-biivniiiy do 
if ET has a name then 
n = 0: 

conclude thai the id of FT = "|tlw name of ET)-0 ": 

lor CH = each eomplex-bioent'uy that is of the class named by the class of ET do 
if (he masier-hioemny of CH = ihe name of ET then 
n = n + 1 : 

conclude thai the id of CH = "|the name of ETHnJ": 
return : 



TABLE 10(5 



INIT-yUERYTABI KS-PIU XT < win: class -:2-w indowi 
activate the suhworkspace of yUFRY-A RRAYS-BIN: 

it (here exists a querv-arrav upon the subworkspace of yUERY-ARRAYS-BIN then 
lor QA = each query-array upon the subworkspace ol yUERY-ARRAYS-BIN do 
make yA transient: 
delete yA. 

if ihere exist.- a query-lisi upon the subworkspace of yUF.RY-I.ISTS-BIN then 
ior yL = each query-list upon the subworkspace of yUERY -LISTS-BIN do 
delete (J L. 

call FlND-BIOKNTTn -DHHNITIONS-PROC (V 
call CREATEy UHR Y-LlSTS-PRt KT ( >: 

for yl. = each query-lisi upon the subworkspace of yl'ERY -LISTS -BIN do 
CL = the rei'-component-class of QL; 

if lltere exists a bioentiry EC that is of the class named hy CL then 
lor EC = each hioeniiiv ihat is of the class named hv CL do 
call F1ND-NAMED-BU >HNT1T1KS-\VITH-C( >MP< >NHNT-PRt KT ( EC. yL. win i: 
conclude thai Hie lenchi of yl. = ihe number of elemems in yl.: 
call C( )MPI.KTE-yL ! ERY-T.ABLH-PKt »C iwini: 
call CRKATK-AL\lLtARY-yUERY-ARRAYS-PR( >C twini: 
deactivate the subworkspace of yUERY- ARRAYS-BIN; 
activate the subworkspace of yUHRY-ARRAYS-BlN. 
inform the operator that The master query lists have been completed' 



TABLE K» 



FTND-BU )ENTiTY-DEFINin< 1NS-PROC 0 
for B = each uil-eoio- workspace-button upon the suhworkspace of BIOHNT1T1ES do 
lor B 1 = each uiI-lvio workspace- hut ton upon the subworkspace of B do 
tl Ihere exist- an object-definition upon the suhworkspace of Bl then 
lor OI) = each object -definition upon the subworkspace ol Bl do 
call CREATE-yUERY ARRAY-PROC ((Jl)» 
el.-e 

lor B2 = each uil-coio-workspace-bution upon the subworkspace oi Bl do 
if ihere exists an object-definition upon the subworkspace of B2 then 
tor 1)0 = each object -defmiiion upon ihe subworkspace of B2 do 
allow other processinc: 
call CREATE-yUERY-ARRAY-PR(>C (( )D) 
else 

lor - each uil-coto-workspace-button upon the subworkspace oi B2 do 
if there exists an obiect-defiiiiiion upon ihe subworkspace oi B3 then 
lor ()l> = each obiect-delinition upon the subworkspace of B3 do 
call CR HATE -y L : FR Y - A R l< A Y - PR< )C « »)■ 



TABLE 1 10 



CREATE-QUERY-ARRAY-PROC CMC: class ohicci-definiuom 
SC = symbol (die text of ihc superior-class of MC>: 
S\V = die subworkspacc of query-arrays-hin 
case i SC) of 
protein-site : 
create a querv-arrav MA: 
transfer MA to SW ai (-160. -265): 
CL = the texi of ihe class-name of MC: 
chance the texi of die major-class <»f MA lo "protein-site": 
chance the text of the ref-componem-class of MA lo *|CL]": 
chance the name of MA to symbol r|CL|-query-arniy"j: 
protein-modified-croup : 
create a querv-arrav MA: 
transfer MAlo SW at (-160. -265). 
CL = the text of the class-name of MC : 

change lhe text of the major-class of MA lo "proiein-modified-eroup" 
chance the text of the rel-componeni-class of MA to "|CL1": 
chance the name ofMA u> symbol <"|CLl-quer\-anay'"). 

protein- mntil: 
create a querv-arrav MA: 
ininsler MA to SW at (-160. -140): 
CL = the text of die class-name of MC: 
chance the text of die major-class of MA lo " protein- mouT: 
chance die lext of the rcl-componctu-class of MA to "|CL)": 
cteuicc die name of MA to symbol ("|CL|-query-:irray"i: 

protein-domain: 

create a querv-arrav MA: 

transfer MA to SW at l - 1 60. - 1 0): 

CL = the text of the class-name of MC: 

chance the texi of the major-class of MA to "protein-domain": 

chance die lexi of the ref-componem-class of MA lo ~|CL]": 

chance die name of MA to symbol ("|CL|-query-array"): 

protein: 

create a querv-arrav MA: 

transfer MA to SW at (-160. 120): 

CL = iIk text of die class-name of MC: 

chance the lext of die major-class of MA lo "protein": 

chance die texi of lhe ref-componem-class of MA to "[CL )'": 

cteuicc the ruime of MA to symbol ("|CL|-quer\ -arra> " ». 

hetcr . mol .comp Ic x : 

create a querv-arrav MA: 
transfer MA lo SW ai (-160. 245 1: 
CL = the texi of the class-name of MC: 

chance die text of die major-class of MA to "hcler.mol.complex": 
chance die texi of die rcl-component-classof MA 10 "|CL|": 
chance die name of MA u» symbol ("|CL)-quer\-array"i. 

ilna-comn<iiieiu : 

create a querv-arrav MA: 

transfer MA lo SW at (-160. 370): 

CL = die lext of the class-name of MC: 

chance the texi of lhe major-class of MA to "dna-componeni" : 

chance the icxi of the rcl -component-class of MA to "|CL]": 

chance die name of MA to symbol ("|CL]-quer>'-array"): 

nucleic-acid: 

create a querv-arrav MA: 
transfer MA io SW al (-160. ?70l. 
CL = the texi of the class-name of MC: 
chance the texi of the major-class of MA to "nucleic-acid": 
chance die text of die rel-componeni-class of MA to "|CL1": 
chance the name of MA to symbol ("|CL]-query-array - 1: 
otherwise, 
allow other processing: 
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CREATE-QUERY-L1STS-PROC <> 

SW = ihc subworkspace of QUERY-ARRAYS-BIN : 
for QA = each query-array upon SW do 
allow oihcr pnxessinc: 
QAN = llic name of QA: 
create a query-list QL: 

transfer QL to SW at (middle-x(QA). middle-y (QA)): 
chance the text of tlic rcf-array of QL to "IQAN1": 
change the text of the ref-componem-class of QL to "|thc ref- 
componcnt-class of QA]": 



TABLE 112 

RND-NAMED-BIOENTITIES-WITH-COMPONENT-PROC (EC: class biocntily . 
QL: class query-list, win: class window) 

if EC has a name then 
call SEEK-BIOENTITY-COP1ES-PROC (EC. QL. win) 
else 

allow other proccssine: 

SECN = call F1ND-NAMED-BI0ENTITY (EC. win): 
if SECN is not none then 

allow other processing: 

SEC = the hiocnliiv named hv SECN. 

call SEEK-BIOENTITY-COPIES-PROC (SEC. QL. win), 
return: 



TABLE 113 

FIND-NAMED-B10ENTITY (E: class biocmity. win: class window) = (symbol ) 

SEl = the object superior to the workspace of E: 
if SEl is not a hiocnuiy then return the symbol none else 
if SEl has a name then return the name of SEl else 
SE2 = the object superior to the workspace of SE I : 
if SE2 is not a hioemiiy then return the symbol none else 
if SE2 has a name then return the name of SE2 else 
SE3 = the object superior to the workspace of SE2: 
if SE3 is mil a hiocntity then return the symbol none else 
if SE3 has a name then return the name of SE3 else 
SE4 = the object superior to the workspace of SE3: 
if SE4 is inn a hiocnliiv then return die symbol none else 
if SE4 has a name then return the name of SE4 else 
SE5 = the object superior to the workspace of SE4: 
if SE5 is not a biocntily then return the symbol none else 
if SE5 has a name then return the name of SE5 else 
SE6 = the object superior to the workspace of SE5: 
if SE6 is not a hiocntity then return the symbol none else 
if SEfi has a name then return the name of SE6. 
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sWk-BIOENTITY-COPIES-PRoC <SE: class hioeniiiy. SEL: class uuer> -list, win. cbs> window I 
EN: symbol = the name of SE. 
insert EN ai the end of the symbol list SEL; 
Cl. = the class of SE: 
if SE is a PROTEIN-MOTIF then 

u" there exists a protein-motif CSE that is of the clxss named by CL 
Midi ihai utte text of ihc master-bioeniiiy of CSE = "fENp then 
for CSE = cacti proicin-nioiif tliai is of ihe class named by CL do 
allow other processing: 

if the text of ilie masier-hioonwv of CSE = "I EN1" then 

.all FIND NAMED-BIOENTmES-WlTH-COMPONENT-PROC (CSE. SEL. wmi: 

else 

if SE is a PROTEIN-DOMAIN ihen 

if ihcic exists a protein-domain CSE iliai is of the class named by CL 
such thai uho le.xi of the masier-hioenniyoi'CSE = "lENPtlien 
for CSE = each protein-domain Uiai is of Uie class named by CL do 
allow other processing: 

iltlie text of the niastcr-hioentiiv of CSE = "1EN)" then 

call FIND-NAMED-BlOENTiTlES-WITH COMI'ONENT-PRtXJ CSE. SEL. wmi: 

else 

if SE is a SMALL-U )MI"ONENT then 

if there exists a small-component CSF. tlial is of the class named by 
CL such that (lite text of the masicr-hioeniity of CSE = "|EN]"1 then 
lor CSE = each small-component that is of the class named by CL do 
allow other processing: 

H the text of ihe masier-bioeninvof CSE = "IF.Np ihen 

call FINI>NAMED-DIOENTmES-\VITH Ct)MK)NF.NT-PK()C iCSE. SEL. wmi: 

else 

il'SE is a l)NA-C( )MP< >NF.NT then 

if there exists a dna-componem CSF. that is of lite class named by CL 
such thai (the text of the master-hiocniity of CSE = "|FN]") then 
for CSF. = each dna-vomponetlt thai is of the class named by CL do 
allow other pnvessinc: 

if the text of lite master-hioemilv of CSE = "|EN|" then 

call nNI>-NANIEI) BK)ENTrriES-WITH-COMI'ONENT-PRC)C- (CSE. SEL. win): 

else 

il SE is a HETF.R.MOL.COMPLF.X then 
if there exists a heier.mol .complex CSE that is of the class named by 
CL such that (the text of the masicr-hioeniiiy of CSE = "|ENJ") then 
for CSE = each hcier.mol.coniplex lhai is of the class named by CL do 
allow other processing: 

if the text of the master -hioeniitv of CSE = "|EN1" then 

call FlNI)-NAMED-DIOE>JTiTlES-\VlTH-C()Ml 1 ()NF.NT-PRt>C* .CSE. SEL. wini: 

else 

if SE is a PROTEIN then 

if there exists a protein CSE that is of the class named by CL such 
that (the text of the masier-hioeniity of CSE = "(ENl" > then 
for CSE = each protein that is of the class named by CL do 
allow other processing: 

if the text of the maswr-buvniitv of CSE = "|F.N1" then 

call FlNU NAMED-DKJKNTITIESAVITH-COMIH)NF.NT-PROC (CSE. SEL. win:. 

if SF. is a NUCLEIC-ACID tlien 

it ilicre exists a nucleic-acid CSE that i» of the class named by CL 
such that (the text of ihe niaster-hioeniny of CSF. = '|END ihen 
for CSE = each nucleic-acid lhai is of the class named by CL do 
allow other processine: 

if ihetexiof ihe masier-hioemitv of CSE = "|EN|" ihen 
call FIND NAMED-BIOENTITlESAVTrH-COMI'ONENT-PROC (CSE. SEL. wim: 

else 

if SE i> a MEMBRANE then 

if ihcie exisi- a membrane CSF. thai is of the class named by CL such 
lhai (Ihe lexl of the master-hioonliiy ol CSF. = "|EN]" > then 
lor CSE = each membrane lhai is of ll»e class named by CL do 
allow olher processing: 

il the text of die masier-hiocntiiv of CSF. = "|EN'l" then 
call RND-NAMED BIOENTITIESAVITH-COMPONF.NT-PROC: iLSh. SEL. wmi: 

else 

if SE is a BlOEhrnTY then 

i! (here e.xisis a hioenlity CSE thai is of the class named by CL such . 
thai ( the text of ihe masier-bioentiiy of CSE = "|EN|' 1 then 
for CSE = each biivnlity thai is ol' ihe class named by CL do 
allow olher processing: 

if the text of ilie masier bioentiiv of CSF = "I ENl" then 
call UND-NAMED-BIOENTiTlES WlTH-COMI-oNKNT-PRtX. (CSE. SEL. wmi. 

ictum: 
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COMPLETE-QUERY-TABLE-PROC (win: class ?2-windowi 

ASW = Uie suhworkspace of QUERY-ARRAYS-BIN: 
LSW = the subworksnace ol QUERY-LISTS-BIN: 
if there cxisls a query-list upon LSW then 
for QL = each query-list upon LSW do 
if liic lenglu ol° QL > 0 then 
if Uien/exists a query-array QA upon ASW such thai (QA is tJte same 
object as die query-array named by the ref-array of QL) then 
allow oilier processing: 

chance the array-length of QA to the lenelu of QL; 

lor S = each symbol in QL do 
IV = the text of the initial-values of QA: 
change the text of the initial-values of QA to "[IV]. [S]": 

IV = omii-from-iexi (the text of lite initial-values of QA. 1,6): 

change the text of Ute initial- values of QA to "[IV]": 

make QA permanent. 
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Names 
Array length 
Element type 
Initial values 



Ref component class 
Major class 



a sup-ct-arrav 
A-HELIX-MOTIF^QUERY-ARRAY 
28 

symbol 

a.helix.domain.mc. gh.ma. prolactin. ma. 

I.somaiolacun.ma. rii.epo.ma. i)2.ma. rn.il6.ma. 

m.g.csf.ma. c.msf.ma. iI6.ma. g.csf.ma. 

m.lif.ma. osm.ma. r.cmf.ma. lif.ma. rn.il4.ma. 

m.il3.ma. m.gm.csl.ma. m.il5.ma. iW.ma. 

il?.ma. il3.ma. gm.csf.ma. m.il7.ma. rn.il9.ma. 

i!7.ma. U9.ma. a.hclix.motif.mc 
a-helix-motif 
protein-motif 



Names 

Element type 

Allow duplicate elements'." 

Ref component class 

Ref array 

Lenelu 



a querv-lisi 

A-ffiLIX-MOTlF-QUERY-LIST 

symbol 

no 

a-hclix -motif 
a-liellx-molif-querv -arrav 
2K 
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CREATE-AUXJLIARY-QUERY-ARRAYS-PROC (win: class window* 

SW = dte suhworkspace of QUERY-ARRAYS-BIN 
create a querv-arrav MA: 
transfer MA u> SW at (-160. -390): 

change the name of MA to the symbol no-group-selection-query -array: 

make MA permanent: 

create a querv-arrav MA: 

transfer MA to SW at (-160. -390): 

change die name of MA u> the symbol no-motif-sclecuon-query-array: 

make MA permanent: 

create a querv-arrav MA: 

transfer MA'lo SW at (-160. -390): 

change die name of MA to the symbol no-domain-selection-query-array; 

make MA permanent: 

create a querv-arrav MA: 

transfer MA "to SW at (-160. -390): 

cliange die name of MA to die symbol no-suhunii-seleciioti-qucr> -array: 
make MA permanent: 



/S/ 
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INIT-ICONS-CALLBACK (button: class button, win: class window, panel : 
selection-panel ) 

call 1MT-BR-ICONS-PROC ( i: 
call INIT-BP-ICONS-PROC i k 
return 



INIT-BR-ICONS-PROC it 
lor BR = e:ieh hioreservoir do 
il" the suhworkspacc ol BR exists Uicn 

allow other processing: 

W'S = die suhworkspacc of BR: 

P = die hiopool upon WS: 

for CL = each c-urnpli-link connected 10 P do 
change the core stripe-color of GL to transparent 

it' there exists a c-sraph-uacer upon WS then 
SG = die c-scaled-hr-crapli*iracer connected to P: 
move SG to deii-cdsetP) - 8. middie-y(P) + 1 1 1: 
AG = die c-ahsolute-hr-eraph-traccr connected to P. 
move AG to (lcli-cdce(P> - 8- middle-y(P) - 10): 
CH = die c-br-chaininiL'-iracer connected to P: 
move CH m iriEht-eUgc(P) ♦ 7. middle y(Pl). 

cluingc die size of WS to minimum. 

m;tke WS permanent: 



INIT-BP-ICONS-PROCn 
I or BP = each biopri>cess do 
il die subworkspace ol BP exists then 
allow odier processing: 
WS = the subworkspace of BP: 
E = the hiocngine upon WS: 
tor GL = cacti c-graph-!ink connected to E do 
chance the core siripc-color of GL to transparent: 
ST = die c-scalcd-bp-graph-traccr connected to E: 
move STto(lelt-ed5e(E)-y. middle-y(E)+ II): 
CH = lite c-bp-ch;uninic-iracer connected to E: 
move CH to <leli-cdge(Ei - y. middle-ytE) -II): 
UP = tlie c-up-padi-tracer connected to E: 
move UP to (nghl-edge<Ei + l >. middle-y(E) +11): 
DN = the c-down-padt-tntcer connected to E: 
move DS to iright-cdgc(E) + l >. middle-yiE) - 1 1 1: 
if diere exists n hioreacLint-posi upon WS diet) 
lor RP = each hiorcaclanl-post upon WS do 
R = die btoreacuiii connected to RP: 
move RP io (left-edge(R) - ?- middle-ytR)): 
il diere exists a bioproUuci-posi upon WS Uien 
for PP = each bioprixluct-post upon WS do 
P = die biuproduct connected to PP: 
move PP to (right-cdge(P) + 4. middle-y(P)): 
clianse Ute sue of WS to minimum, 
make WS permanent: 
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ALL-INMT-CALLBACK (button: class button, win: class window, panel: el 
sclccuon-paneh 

c:dl NAV1G-INIT-PROC twin): 
call SIMUL-IN'IT-PROC twin), 
call IN1T-BR-ICONS-PROC <>: 
call INIT-BP-ICONS-PROC O: 
return 
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for any biomodel BM 

whenever BM is moved hv ihc user ihcn 

sian BIOMODEL-WS-CHECK-PROC (BM) 



BIOMODEL-WS-CHECK-PROC (BM: class biomodel) 
WS = the workspace of BM: 

if there is a title upon WS and BM has a SW and there is a title upon the 
SW of BM then: 
T = the title upon the SW of BM: 

new-label = "<the label of BM>-<thc label of the title upon WS>": 

if new-label /= the label of T then: 
conclude that the label of T = new-label: 
call REMOVE-BIOMODEL-CONTAINING-PROC (BM): 
call BIOMODEL-INITI ALIZATION-PROC ( BM If: 



REMOVE-BIOMODEL-CONTAINING-PROC (BM: class biomodel) 
WS = the workspace of BM: 

for each biomodel BM1 that is bm-cmumwJ-in BM do 
for each biomodel CBM thai is llw-amuiuter-of-bni BM do 
conclude that BM I is not BM -CONTAINED- P> CBM: 
for each bioproccss BP that is bp-conunwd-in BM do 
for each biomodel CBM that is ilw-cmiainer-qf-bm BM do 
conclude that BP is not BP -CONTAINED- Pf CBM: 
lor each hiorescrvoir BR thai is br-ctmtained-iii BM do 
for each biomodel CBM that is ilw-amuiiner-of-bm BM do 
conclude that BR is not BR- CONTAINED- Pf CBM: 
for each biomodel CBM that is ilie-cotimiwr-oj-bm BM do 

conclude that BM is not BM -CONTAINED- zv CBM: 
if WS has a superior item S and S is a biomodel then: 
BM2 = the biomodel superior to WS: 
conclude that BM is BM-COXTAINEO-Pi BM2: 
for each biomodel CBM that is ihe-amiuiner-of-bm BM2 do 
conclude thai BM is BM-coXTMXED-tX CBM: 
return 
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an user- menu-choice 

Label details 

Applicable class hioprocess 

Cundiiion the subworkspacc of ihc item exists 

Action sian DETAILS-BP-PROC (the item, this window* 



DETA1LS-BP-PROC (BP: class hioprocess. WIN: class window) 
i I the subworkspacc of BP exists then 
SW = the subworkspacc ol BP: 
if the toggle-state of BP is hide then: 
if the sfatus of bP is available then 
conclude that the status of bP is selected: 
activate SW: 

chance the status-color of BP to brown: 
conclude that the toggle-state of BP is show. 
E = the buxmginc upon SW : 

move the scaled-bp-graph-traccr connected to E 10 <lert-cdgc(E) - 9. 
middle-y(E)+ II): 

move the bp-chainimg-tracer connected to E to inght-edgc(E) - 9. 
middle-y<Ei- I'M. 

move the up-paih-iracer connected to E to tright-edgeiE) + 9. 
middle- v(E> + II): 

move the down-paih-traccr connected to E to oighi-edgc(E) + 9. 

middle-y(E) - 10): 
for each biorcactant R upon view do 
move the biorcaciant-posi connected to R to < left-cdce(R) - 5. 
mtddle-y(R»: 
for P = each hioproduct upon view do 
move the bioproduct-post connected to P to < right -edgc(P) + 4. . 
mtddle-y(P)): 
ehamic the size of SW to minimum: 
show SW on Wi n at the center of the screen: 
else if the toggle-state of BP is show then: 
conclude that the toggle-state of BP is hide: 
change the status-color of BP to slate-blue: 
i I the status of bP is selected then . 

conclude that the status of bP is available: 
deactivate SW : 
hide SW on Win 
else if the mastcr-hioproccss of BP has a value then 

call BP-MASTER-DETAILS-PROC (BP. wun 
else return 



BP-MASTER-DETAILS-PROC (BP: class hioprocess. win: class window) 
MA = the bioproccss named by the mastcr-hioproccss of BP: 
if the toggle-state of BP is hide then 
conclude that the toggle-state of BP is show: 
if the subworkspacc of the item named by the masier-hioprocess ol 
BP exists then 

SW = the subworkspacc of MA: 
chance the size of SW' to minimum: 

show SW at full scale with its center at the center of the screen: 
conclude that the toggle-state of MA is show: 

else 

if the toggle-state of BP is show then 

conclude that the toggle-slate of BP is hide: 
conclude that the toggle-state of MA is lude: 
hide the subworkspacc ol MA on win: 
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aii uscr-mcnu-choice 

details 
bioreservoir 

110 IK 

start DETAILS-BR-PROC uhe item, this window) 



DETAILS-BR-PROC (BR: class hioreservoir. win: class window i 
if the subworkspace of Br exists then 
SW = the subworkspace of BR: 
if the toggle-state of BR is hide then 

change the status-color icon-color of BR to brown: 

conclude that the toggle-state of BR is show: 

CL = the hr-chaininig-traccr connected to the biopool upon SW: 

SG = the scaled-hr-graph-traccr connected to the biopool upon SW: 

AG = the absoluie-hr-graph-tracer connected to the biopool upon SW: 

move CL to (right-edgei P) + f>. middle-y(P)j: 

move SG to i left-edge) Pi* R. mtddie-y(P) + I IV. 

move AG to ileft-cdgeiP) - S. middle-ytP) - 10): 

chance the size of SW to minimum: 

show* the subworkspace of BR on win at full scale with its bottom 
left comer 200 units to the riant of the center of the screen: 

else 

conclude dial the toggle-state of BR is hide: 

change the siaius-color icon-color of BR to medium-aquamarine: 

hide the subworkspace of BR on win: 
else if the master-hioprocess of BP has a value then 

call BR-MASTER-DETAILS-PROC <BK win- 
else return 



BR-MASTER-DETAILS-PROC (BR: class hioreservoir. win: class window i 
MA = the hioreservoir named by the master-bioreservoir of BR: 
if the toggle-state of BR is hide then 
conclude that the toggle-state of BR is show: 

if the subworkspace of the item named by the niaster-hiorescrvoir of BR exists then 
SW = the subworkspace of MA: 
change the size of SW 10 minimum: 

sho\v SW at full scale with its center at the center of the screen: 
conclude that the toggle-state of MA is show: 
if the text of the user-mode of win /= "simulation" then 
chance the status-color icon-color of MA to brown. 

else 

conclude that the toggle-state of BR is hide: 
conclude that the toggle-state of MA is hide: 
hide the subworkspace of MA on win: 
if the text of the user-mode of win /= "simulation" then 
change the status-color icon-color of MA to slate-blue: 



Label 

Applicable c!oS> 

Condition 

Action 



table i:: 

i| an user- menu-choice 

<M Label details 

|8 Applicable class comptex-hioeniity 

3s Condition none 

Action start ET-DETAILS-PROC (the item, this w indowi 



ET-1)ETAILS-PR( KT i EN: class complex-bioemiiy. W: class window i 
if the subworkspace of EN exists then view - the subworkspace of EN 
it the toggle-state of EN is hide then 

conclude that the toggle-state of EN is show: 
show view at the center of the screen . 
if the masier-hioeniity of the item has a value then 

if the hioemity named by the master-bioemity of EN has a SW then 

master-view = the subworkspace of the hioemity named by the master-hioeiuiiy of EN: 
change the size of master-view to nunimum: 
show : master-view at the center of the screen: * 

else 

if the toggle-state of EN is show then 
conclude that the toggle-state of EN is hide: 

hide view on W: . 

.nde nuster-view on W 
return. 
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an uscr-mcnu-choicc 

Label show-br 
Applicable class hiorolc-post 
Condition die iicm has a name 

Action sian ROLEPOST-SHOW-BR-PROC (the item. Uiis window ) 



ROLEPOST-SHOW-BR-PROC (post: class biorolc-posl. W: class window) 
BP = ihc bioproccss superior to die workspace of post: 

il post has a name Uicn BR = ihc biorescrvoir named by ihc rcf-biorescrvoir of post 
else 

il dtcrc exists a biorescrvoir ABR such thai ( ABR has no name and 
the master-biorcservoir of ABR has a current value and the 
masicr-hiorescrvoir nf ABR = ihc rcf-biorcscrvoir of posit then BR = ABR: 
. change the size of the subworkspacc of BP 10 minimum: 
case (the toggle-state of post ) of 
show: 

chance the color-pattern of posi so that light-color is dim-cray . dark-color is light-gray : 
conclude that the loggle-siaic of post is hide: 
case (ihc class of post ) of 
biorcactani-posi : 

show the subworkspacc of BR on W at lull scale with us 
center 400 units 10 the left of the center of the screen, 
change the color-paliem of post so thai white-color = the symbol black: 
bioproJuci-posi: 
show the subworkspacc of BR on W at full scale wiih us 
center 400 units to the right of the center of ihe screen: 

hide: 

change the color-pattern of post so thai light-color is light-gray, dark-color is dim-gray : 
conclude that the toggle-state of post is show: 
hide the subworkspacc of B R on W: 
if the class of post is bioreaclant-post then 
change the color-paliem of post so thai whiic-color = the symbol white: 
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an user-menu-choicc 

Label show-bp 
Applicable class biopool-posi 

Condition the item has a name and the ref-bioprocess of the 

item has a value 

Action sum POOLPOST-SHOW-BP-PROC (ihe item, this window* 



POOLPOST-SHOW-BP-PROC (post: class biopool-posi. win: class window! 
BP = the bioproccss named by the ref-bioprocess of post 
change die size of the subworkspacc of BP to minimum: 
case (ihc toggle-state of post ) of 
show : 

chance the color-paucm of posi so that light-color is dim-gray . 
dark-color is light-gray . white-color = the symbol black, 
conclude thai ihe toggle-state of post is hide: 
case (the class of post) of 
hiopool-p-posi: 
show the subworkspacc of BP on W at full scale with its 
center 280 units above the center of the screen: 
hiopool-r-post: 
show ihe suhworkspacc of BP on \V at full scale with iis 
center 2K0 units below ihe center of the screen: . 

hide: 

chance the color-paliem of posi so dial light-color is light-gray . 

dark -color is dim-gray . white-color = ihc symbol white: 
conclude that ihe logglc-staie of post is show: _ 
ludc the subworkspacc oi BP on W: 
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an uscr-menu-choicc 

Label bioenuty 
Applicable class biorescrvoir 

Condition ibc rcl-bioeniitv of die item has a value 

Action change the size of the subworkspace SW of die biocniity named by ihe rcf-hioentii\ 

of the item 10 minimum and show SW on w in at the center of die screen: 



an uscr-menu-choicc 
biocniity 
biopool 

the ref-hiociuiiv of die biorescrvoir superior to the workspace of die item has a value 
chance the size of the subworkspace SW of the ref-biorcscrvoir superior to the 

workspace of the item to minimum and show SW on this window at the center of 

die screen 



an uscr-menu-choicc 
bioenuty 
hiorolc-ohjcct 

the rcf-hU>cniity of the biorescrvoir superior to the biopool connected to die item 
lias a value 

change the size of the subworkspace S W of the rcf-biocmiiy of die biorescrvoir 
superior to the biopool connected to die item to minimum and show SW on this 
window at the center of the screen 
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an uscr-menu-choicc 



Names none 

Label show-references 

Applicable class biorescrvoir 

Condition none 

Action start SHOW-REFERENCES-OF-ARRAY-PROC fine item, this window) 



SHOW-REFERENCES-OF-ARRAY-PROC (BR: class biorescrvoir. win: class window i 
arrav ss ihc rclercnecs-arrav that cives die references of BR: 
BIN = the subworkspace of REFERENCES-BIN: 

x=0: 
y = 0: 

if the array-length of array /= 0 then 
create a workspace WS by cltming the subworkspace of REFERENCE-WS: 
lor rcf-hul(on = each eo-io-subws-bution upon BIN do 
SW = the subworkspace of rcf-buuon: 
for R = each cahe-rclercncc upon SW do 
lor T = each text in array do 
if T /= • '■ and die shon-rcl" of R = T then 
create a cabe-rcfcrencc Rl by cloning R: 
transfer Rl to WS at (x. y): 
v = v - 50: 
if v < -900 then 
n = x + 300. 
y = 0: 

change the size of WS lo minimum: 

show" WS on win at die center of the screen: 



Label 

Applicable class 

Condition 

Action 



Label 

Applicable class 
Condition 

Action 
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TABLE 127 



CREATE-GENERAL-STRUCTURE-SELECTK )N-PANEL-C ALLBACK i menu: class menu-tipuon. 
win: class window) 

md = call creatc-messacc-dialoe i "md". "Proeessinc ". ihc svmhol extra-large, win. 0. 0): 

panel = call clone-panef I MASTER-GENERAL-STRX'CTURE-(JUERY-PANEL): 
SW = the suhworkspace of panel: 

call SET-RADIO-BOX-ID-PROC ("ccneral-struaurc-pantl ". 

"GENERAL -STRUCTURE-QUERY-P.^NEL-rddio-box". SW. win), 
if there exists a uil-medium-text-pushbution de upon SW such that tihe id of de = "de") then 

chance the texi of the callback of de to "DEL£TE-OUERY-PANEL-CALLB ACK": 
show SW on win at the center of the screen: 
delete md: 
return: 



TABLE I2S 



SET-RADIO-BOX-ID-PROC ir-id: text, rb-id: text. SW: class workspace, win: class window* 
if there exists a radio-button r upon SW such that (the id oi r = r-id) then 

rb = the radio-box that is ihe-croup-rruister-of r: 

urh-id = call unique-id f "| rb-id \~). 

conclude tliat die id of rb = "|urb-id|": 
return: 



GET-RADK >-Bf )X-IIJ-PR< KT (r-id: text. SW: class workspace, win: class window) = i value t 
if there exists a radio-huuon r upon SW such thai iihe id of r = r-id > then 
rb = i)k adio-box thai is the-croup-masicr-of r: 
return "|the id of rbl ' : 



TABLE 129 



SELECT-GENERAL-STRUCTL'RE-UUERY P.ANEL-C ALLBACK (button: class button, 
win: class window, die: class query -panel) 

SW - the suhworkspace of die: 

md = call ereate-mcssaee-diaioe (" md". "Proeessinc ". the symbol extra-larce. win. (I. IH: 

rb-id = call GET-RAOIO-BOX-JD-PROC (' ceneral-siniciure-panel . SW. win), 
type = call cet-raduvbox-value idla. rb-id): 

case (type I of •; , 

subunits: 

MP = M ASTER-SUBUNITS-gL^RY-PANEL: 
domains: 

MP = MASTER-IK >MA1NS-QUERY-PANEL: 

motifs: 

MP = M ASTER-MOT1FS-UUERY -PANEL: 
croups: 

'MP = M ASTER -GRUUPS-OUERY-PANEL: 
subuniis-suhunits: 
MP = MASTER-SUBUNFTS-SUBUNlTS-gUERY-PANEL: 

domai i is -domains : 

MP = M ASTER-DOM AINS-DC >MAINS-(JUERY-PANEL: 
domains-motifs: 

MP = MASTER-DOMAlNS-MOTIFS-gUERY-PANEL: 
domains-croups: 

MP = MASTER-l* »M AINS-GROUPS-UUERY-PANEL: 
motifs-motifs: 
MP = MASTER-MOTIFS MOTIFS QUERY-PANEL: 

motifs-croups: 

MP = M ASTER-M( )TIFS-GROUPS -QUERY-PANEL: 
croups-croups: 

" M P = M ASTER -G R( )U PS -GR( )L' PS -QUER Y - PANEL : 
panel = call clone-panel ( MP): 

call CREATE -GENERAL-QUERY-PANEL-PROC ( type, panel, wm: 

show the suhworkspace of die wiih iis bottom richi corner at the boitom right comer ol the screen: 
show the suhworkspace of p:uiel at the center of the screen: 
delete md: 

retun:. — 
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TABLE QO 

CREATE-GENERAL-QLTERY-PANEL-PROC (type: symbol, paiiol: class query-panel, 
win : class window i 

S W = the suhworkspace of panel: 

if there exists a radio-huuon B upon SW such ihai (the id of B = "subunits") then 

call SET-RADIO-BOX-1D-PROC ("suhunus". "3-BR-l' type"|-UUERV-jadio-hox". SW. win): 
ii' there exists a radio-button B upon SW such thai (the id of B = "domains'*) ihen 

call SET-RADIO-BOX-ID-PR< XT ( "domains". "4-8R-|tyrx-|-QL'ERY-radio-nox". SW. win), 
it there exists a radio-button B upon SW such thai (the id of B = "motifs ') ihen 

call SET-RADH >-B( )X-1D-PR< )C { "motifs '. "5-BR-|iypcl-yUERY- radio-box". SW. win r. 
if there exists a radkvbutton B upon SW such thai (ihe id of B = "croups") ihen 

call SET-RADIO-BOX-ID-PRtX: ("croups", f>BR-tiype|-QUERY -radio-box*. SW. win): 
if there exists a radio-button B upon SW such that (the id of B = "suhunits-2") then 

call SET-RADIO-BOX-ID-PROC ("subunits". "3-BR-|iyrw|-QUERY-radio-hox". SW!. wini: 
if there exists a radio-button B upon SW such that (the id of B = "dnmains-2") then 

call SET-RADIO-BOX-ID-PROC ("domain*". "4-BR-[tyrie'-0UERY-radio-box\ SW. win): 
if ihere exists a radio-button B upon SW such that (the id of B - "moiifs-2 ') then 

call SET-RADIO-BOX-ID-PROC ("motifs". '5-BR-|iype|-yUERY-radio-Pox". SW. winr. 
if there exists a radiobution B upon SW such that (the id of B = "croups-2") then 

call SET-RADIO-BOX-ID-PROC ("croups". "6-BR-|iype]-0UERY-radio-box ". SW. win): 
if there exists a text-pushbutton de upon SW such that (the id of de - "de ') then 

chance the text of the callback of de to "DELETE-UUERY-PANEL-CALLBACK": 
show SW on win at ihe center of the screen: 
return: 



TABLE 131 



(JUERY-GENERAL-STRUCTU RE-CALLBACK (button: class button, win : class window. 
p:uiel: class qucrv -panel) 

md = call uii-create-niessace-dialoc <"md". "Processinc ".the symbol large. 

win. 0. 0>: 

ETL. TX2 = call gUERY-GENERAL-STRUCTURE-PROC (panel, win): 

create a free-text FT2: 

chance the text of FT2 to TTX2]' : 

conclude thai the scroll-title of ETL = TX2 : 

conclude tltat FT2 is THE-TEST-lTEM-LIST-( )F ETL: 

call CREATE -GE\'ERAL-(JUERY-< )UTPUT-P.ANEL-PR( )C (ETL. FT2. panel, win): 
delete md: 
return: 



TABLE 132 



yUERY-GENER.AL-STRUCTL'RE-PR( K < panel: class query-panel, win : class window i = 
(class scroll-text-lisi. text) 

PN = ihe name of panel: 

SW = the suhworkspace of panel: 

it there exists a rudio-buuon B upon SW' such that (the id of B = subunits" ) then 

ivpel. PSA = call FIND-SPECIFIC-ARRAY-PROC ("subunits". panel, winr. 
t( there exists a r;idio-huuou B upon SW such thai (the id of B = '"subuniis-2") then 

type2. PSA-2 = call FIND-SPECIFIC- ARRAY-PROC ( "subunits-2". panel, win): . 
if there exists a radio-button B upon SW such that (the id of B = "domains") then 

ivpe3. PDA = call FLND-SPECIFIC-ARRAY-PROC ("domains", panel, wini: 
if there exists a radio-button B upon SW such thai (the id of B = "domains-2") then 

type4. PDA-2 = call FLND-SPECIFIC- ARRAY-PROC ("domains-2' . panel, win): 
if there exists a radio-button B upon SW such thai (the id of B = "motifs ') then 

iype5. P.MA = call FIND-SPEClFIC-ARRAY-PRiXT ("motifs", panel, win): 
it there exists a radio-huuon B upon SW such that (the id of B = "iiwtifs-2") then 

type*. PM A-2 = call F1ND-SPECIFIC-ARRAY-PR<X7 ("motifs-2". panel, win): 
il there exists a radio-huuon B upon SW such that (the id of B = "croups ") then 

ivpe7. PGA = call FIND-SPECIFIC-ARRAY-PRtXT ("croups", panel, win), 
it there exists a radio-button B upon SW such that ithe id of B - "croups-2") then 

typeK. PGA-2 = call FIND-SPECIFIC-ARRA Y-PR( XT ( "croups-2". panel, win): ~ 

conunue next pace 

/Si 
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TABLE 132 com. 

il" PSA exists then 
if PSA-2 exists then 

if there exists a scroll-texi-hsi ETL such that ((he label of ETL = ■|PN|-rypel-iype2-ETL ) then 

■jo to final-routine 
else 

ETL. T\: = cull MKRGE-TWO-STRL'CTL'RE-LISTS-PKOC (the symbol subuntt the symbol 
subunu. tvpel. rvpe2. PSA. PSA-2. panel, wim: 

else 

TX2 = capiiali/e-words f proteins with structures defined in this nuxlule that contain (typel |"): 
lor Tl = each symbol in PSA do 
insert Tl ai the end of the text list ETL: 

else 

if PDA exists then 
if PDA-2 exists then 

if there exists a scroll-iext-list ETL such that (the lahel of ETL = "| PN|-nptf3-iyp**-ETI. ) then 

;joto final-routine 
else 

ETL. TX2 = call MERGE nv<>. STRUCTURE I.1STS-PROC (the symbol domain, lite symbol 
domain. type3. type-*- PDA. PDA-2. panel. win) 

else 

if PMA exists then 

if there exists a scroll-tcxt-list ETL such that (the label of ETL = (PN|-t> pe3-type5-ETL" i then 

■jo to final-rouiine 
else 

ETL. TX2 = call MERGE-TWO-STRUCTURE-LISTS-PROC (the symbol domain, the symbol mom. 
ivpo3. ivpe5. PDA. PMA. panel, wim 

else 

if PGA exists then 

if there exists a scroll-tcxt-list ETI. such that ithe label of ETL = ' lPN|-type3-iype7 FTl. ') then 

co to final -routine 
else 

ETL TX2 = call C-MF.RGE-T\V( ISTRUCTUREUSTS-PROC 

ithe symbol domain, the symbol croup, type?- 'yp^'- PDA. PGA. panel, win) 

else 

TX2 = capitaluc-wofds ("proteins with structures defined in this module that contain (type."*!"): 
for Tl = each symbol in PDA do 
insert Tl at the endol the text list ETL: --v. • 

else ■ 
it PMA exists llwn 
if PMA -2 exisLsihen 

if there exists a i-scroll-iexi-lisi ETL such thai (the label of ETL = "IPN) t> pe>-iypeA-ETL' ) Uten 
po to final-routine 
else 

ETI.. TX2 = call MERGE TW< )-STRUCTURK-LISTS PR<>C Ithe symbol motif, the symbol motil. 
tvpeS. tvpeft. PMA. PMA-2. panel, win I 

else 

if PGA exists then 

if there exists a scroll -text -list ETL such that Hhe label of ETI. = "|PN|-t>pe-Mype/-ETI. 1 lhc " 

co to final-routine 
else 

ETI.. TX2 = call MERGE-TVVt ) STRUCTURE USTS-PRf >C (the symbol motif, the symbol croup, 
type?. typeT. PMA. PGA. panel, win) 

else 

TX2 = capitali/e-words ( proteins with structures defined in tin.-, module Hut contain |tyne5| j. 
for Tl = each symbol in PMA do 
insert Tl at trie end of the text list ETL: 

else 

if PGA exists then 
if PGA-2 exists then 

if there exists a .^roll-texi-lisi ETI. such that (the lahel of ETI. = ' |PN|type7-type8-ETL (then 
•jo to final-routine 

else , , 

ETL. TX2 = call MERGH-T\V()-STRUCTURE LLSTS-PR()C ithe symbol croup, the symbol group. 

tvpe/. rvpe.V PGA. PGA-2. panel. wm> 

TX2 = capnali/e-words ( proteins w ith siructuro defined in this module that contain |type/j i: 
for Tl = each symbol in PGA do 
insert Tl at Hie end of the text list ETL: 
return ETI.TX2: 

final-routine: 

TX2 = the saoll-tiile oi ETL. _ 
return ETL. TX2. 
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TABLE 133 



FIND-SPEC1FIC-ARRAY-PR()C ir-id: text, panel: class query-panel, win : class window i = 
t symbol, class query-array i 
S W = the subworkspacc of panel : 

rh-iU = call C-GET-UIL-RADIO-BOX-ID-PROC (r-id. SW. winr. 
type = call uil-get-radi»>-box-va)ue (panel. rb-idi; 
array-name = symhoK "|tjpeJ-QUERV-ARRAY"U 

ii' ihe c -query-array named by array-name exists ihen QA = Uw c-query -array named by array-name 
else inform the operator mat | array- name | docs not exist"; 
move (J A to tmiddle-x (QAi + 5*1. "middle-y (QA)i: 
return type. QA: 



TABLE 134 

MERGE-TWO-STRL'CTURE-LISTS-PROC (lacl: symbol. iag2: symbol, type-*: symbol. 
type5: symbol. QA I : class query -array. QA2: class query-array, panel: class query-panel, 
win : class windowi = (class scroll-texi-list. lexti 
PN = Uie name of panel: 

if mere exists a c-scroll-texi-lisi ETL such ihat line label of ETL = ''|PN]-It)pc4MtyrH:5|-ETL") ihen 

eo to exit-routine 
else 

create a scroll-iexi-list ETL: 

conclude that the label of ETL = "|PNl-|t>pc4|-|type.S|-ETL"; 
conclude that ETL is a-lisi-as.\ociated-io-dlg panel, 
transfer ETL to die subworkspacc of sale-homc-for-lists at < 50. -245 i: 
TX2 = die scroll-title of ETL: 
if the array-length of QA 1 = 0 then 
if the array-length of QA2 *s 0 then 
if type? symbol t 'no-|tag2)-selcciioif > and typc4 = symbol rno-|iae))-seleeik>n ') then t , 
TX2 = capiialize-words t " no selection has been made' ) 
else 

H typc5 = symbol (*'no-|tac2|-seleciioir) then 

TX2 = capiialize-words t 'there are no structures defined in this module that contain [type4)"i 
else 

if typc4 = symbol <~no-(iagl)-seleciion") then 

TX2 = capitalizc-words ( "there arc no structures defined in this module that contain |iype5D ~ 
else *."'"* 
TX2 = capiialize-words fthere are no structures defined in this module thai contain [iype4| or |type5]"i: 

else 

if l>pe4 = symbol ( "no-ltac 1 l-selection "l then 

TX2 = capiialue-words ( proteins with structures defined in this module thai contain |iype5!" > 
else 

TX2 = capiialize-words i "proteins widi structures defined in this module that contain |type5). None wa* 

found alsocomaimiic |t>pc41" ); 
for T2 = each symbol in QA2 do 
inscn "|T21" at the end of the text list ETL: 

else 

if the array-length of QA2 = 0 then 
if typc5 = symbol Cno-|iag21-selection ") then 

TX2 = capitalize- words ( "proteins with structures defined in this module that contain |typc4]"i 
else 

TX2 = capiialize-words ( "proteins with structures defined in this module that contain |iype4). None was 

found also containing jiypc5j° ); 
for Tl = each symbol in QA 1 do 
insert "|T1 1" at the end of the text list ETL: 

else 

TX2 = capiialize-words ( "proteins with structures defined in Uiis module thai contain |iype4| and | iype5|' i. 
for Tl = each symbol in QA 1 do 
for T2 = each symbol in QA2 do 
if Tl =T2 then 

insert "'[Tl 1" at the cud of Ute text list ETL: 
return ETL. TX2; 
exit-routine: 
TX2 = the scroll-title of ETL: 

.-oiurn ETL. TX2: - 
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TABLE 135 



CREATE-GENERAL-OL'ERY-OUTPUT-PANEL-PR<X: (ETL: class scroll-text-lisi. FT: class free-text, 
die: class query-panel, win : class window > = (class query-panel > 

if there exists a qucrv-panel panel such thai llhe text ol" the id of panel = 
"| the label of ETL1-QUERY-OUTPUT-PANEL") ihcn 
co tit final-rouune 

C ' create a query-panel panel by cloning MASTER-MOLECIT-AR-OL^RY-OUTPITT-PANEL: 
transfer panel to die sub workspace of UIL-dialoa-hin at <0.0>: 
SW = the subworkspace of panel: _,..,„-.. 
chance die text of the id of panel to "|the label of ETLl-QUERY-C )ITPUT- PANEL : 
tramicr FT to SW at <0. 90): 
make p;incl permanent: 

sa = call crcatc-scroll-arca-from-lisi ("query -general-scroll". 5. ETL): 

conclude iruu (he allow-uaselcci-on-selected-message of sa is true. 

conclude that the allow-muliirle-simulLmeous-selections of sa is true: 

call add-ohj-to-dialoc (panel, sa. 0. -30): _ 

ch:mce die textof uVuil-nx\ssace-selecU(>n-rnethixJ(»f sa to "query-message-scleciion : 

change the text of the uil-message-uascleaion-meihod of sa to query-message-unsclcction": 

change die text of the ordcrins-method of sa to "alp habe tic": 

de = call create-pushbution ("dc\ die svmbnl DELETE-QUERY-PANEL-CALLBACK. 

"DELETE", panel. 0. - 1 45 1: 
go to final-routine: 
final-routine : 

chance the size of the subworkspace of panel to minimum: 

show the subworkspace <»' ""Ic wid) iLS lop right comer 40 units below the top right comer ot the screen: 
show the subworkspace of panel on win with its center 300 units to the left of the center of the screen: 
return panel: 



TABLE 136 



QUERY-MESS AGE-SELECTION-PROC (MO: class message-object. SA: class scroll-area. 

win: class window) 

B( )N = symbol (the text of MO): 

BO = the hitvoh jeel named by BON. 

chance the size of the subworkspace of BO to minimum. 

show" the subworkspace of BO on win with its center 300 onus to the 
right of die center of the screen : 

QUERY-MESSAGE-UNSELECTION-PROC (MO: class mes-sagc-object. SA: class scroll-area, 
win: class window) 
BON = svmhol lllic text of M< )). 

hide die subworkspace of the bio-object aimed by BON on win: 



TABLE 137 



DELETE-QUERY-PANEL-CALLBACK (button: class button, win : class window, panel: class dialog 

SW = the subworkspace of DIALOG-BIN: 

ind = call create-messace-dialoc Cind". the symbol DELETE-MD-CALLBACK. Processing 

die svmhol extra-large, win. 0.0): 
il lhere exists a scroll-text-list thai is a-list-associated-to-dlg pane! then 
lor L - each scioll-text-list dial is a-lisi-:issociated-u>-dlg panel do 
delete L: 
call dcletc-dialog (panel): 

if there exists a message-dialog ME upon SW then 
lor md = each message-dialog upon SW do 
delete md: 
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TABLE 138 
an user-menu-choicc 

Label query-panels 

Applicable class bioreservoir 

Condition ilic subworkspace of the item exists 

Aaion stan CREATE-BR-RELATEI)-SELECTK)N-PANEL-CALLBACK (the hem. this window i 



oil user- menu-choice 

Uibel show 
Applicable class query-tracer 
Condition none 

Action stan CRE.VTE-BR-RELATED-SELECTION-PANEL-CALLBACK (the bioreservoir 

superior to the workspace of the item, this window) 



CREATE-BR-RELATED-SELECTION-PANEL-CALLBACK (BR: class bioreservoir. win: class window i 
if not i there exists a bioreservoir DBR such that (DBR is a-downstream-hiorcsen'oir-oi BR or DBR is an- 
upstream- 

hiorescrvoir-of BR)) then go to exit-routine 
else 

create a message-dialog md. set the text of the message upon the SW of md to "Processing 

and show {he SW of md on the current window: 
panel = call uil-clone-grohj < M ASTER-BR-M( )LECULAR-QUER Y-PANEL ) : 
SW ss die subworkspace of panel: 
create u hordcrless-free-text FT : 
change the text ol FT to "| the name ot BRJ": 
transfer FT io SW at (60. 1 13): 
ntake panel permanent-. 

call SET-RAI>l(>-BOX-H)-PR()C ("hr-panel". "BR-RELATED-QUERY-PANEL-radio-box SW. «mi: 
it there exists a text-pushbutton de upon SW such that uhe id of de - "de") then 

change the text oi the callback ol de to "DELETE-QUERY-PANEL-CALLBACK" : 
show the SW ot panel on win at lO. 0): 
change the text ot the related-item of panel to "|the name ol' BR|": 
delete md: 
return: 
exit -routine: 

create a message-dialog md. set the text of the message upon the SW of md to There is no downstream 

bioreservoir of |the name of BR|". the symbol extra-largci. 
return: 



TABLE 13^ 



SELECT-BR-RELATED-QUERY-PANEL -CALLBACK (button: class button, win : class window. 

die: class query -panel) 

BRN: symbol = the related-item of dig: 

SW: class kb-workspace = the subworkspace ot'dlg; 

create a message-dialog md. set the text of the message upon the SW of md to "Processing and 

show the SW of md on the current window at (0. 0): 
rb-id = call GET-RADH )-BOX-IL)-PR< )C ("hr-panel". SW. win): 
type = call cct-radio-hox-value (dig. rb-id): 
case ttvpc) of 

function: MP= MASTER-BR-FUNCTION-QUERY-PANEL-. 
funciion-subunits: MP = MASTER-BR-FUNCTI()N-SUBUN IT-QUERY-PANEL: 
funcuon-domains: MP = MASTER-BR-FUNCTK )N-L)( >MA1N-QUER Y-PANEL: 
function-motifs: MP = MASTER-BR-FUNCTlON-MOTIF-yUERY-P.ANEL: 
function-croups: MP = MASTER-BR-FUNCTK )N-GROUP-QUER Y-PANEL: 
luncuon-domains-motifs: MP = MASTER-BR-FUNCTlON-t>l)M A1N-M< )TIF-QUERY-PANEL: 
function-location: MP = MASTER-BR-FUNCTK )N-L(K?ATI( >N-QUERY-PANEL: 
function-kvauon-subtmits:NIP=MASTER-BR-FWCni(>N-L(X:ATl()N-SUBL'MT-gUERY-PANEL. 
lunction-location-domajns: MP = MASTER-BR-FLFNCT1()N-L(X:ATI()N-IJ<)M.A1N-0UERY-P.ANEL. 
lunction-locauon-motifs: MP = M ASTER-BR-FUNCTH 1N-LUC ATK )N-M( 1T1F-QUERY.-P.ANEL: 
lunction-location-eroups: MP = MASTER-BR-FUNCTK )N-L< KTATI()N-GR( )UP-QUERY-PANEL. 
function-Iocaiion-domains-motifs: MP = MASTER-BR-FUNCTl(JN-LOCATION-LK)MAlN-Mt>TIF- 
QUERY-PANEL: 

panel = call clone-gTobj (MP): 

chance the text of the related-item of panel to "|BRN|": 

call SET-BR-RELATED-QL'ERY-P.*NEL-PROC(iype. panel, win): 

show the subworkspace of dig wiih its bottom right comer at the bottom right comer ol the screen: 
aiiow the subworkspace ot panel at the center of the screen: — 
delete md 
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SKT-BR-RKI-ATCD-QUERY-PANF.L-PIMX" ">T* : symbol, panel: class uuerx -panel, win : class window i 

CRN: symbol = ilic relaicd-ncm of panel. 

SW: clj» kh-workspace = the suhworkspace of panel: 

eieaic a N^dcrless-Iiee-loxt FT and chance the text of FT to ~| DRN|" and iranslci FT to SW 31 ( I75-. 1 1()>: 

make panel permanent: 

if lliere exisis a radio-button B upon SW such that (the id of B = "location") then 

call SET-RADIO-BOX-ID-PRIX? ("location '. "O-BR-llvpel-gUERY-radio-hox . SW. wini. 
il iheie cxisls a radio-hulion B upon SW such thai ( the id of B = "direction") llien 

call SET-RADIO-BOX-ID-PRCX? 1 "direction" . " I -BR-|iypc|gL'ERY-radio-bo.\ ". SW. wini: 
if there exists a radio-button B upon SW such that ctlie id 01' B = "function") then 

call C-SFT-RADIO BOX ID PROC i"iuncuini". "ZBR-liypeigUERY-radio-box". SW. uini: 
11 there exists a radio-hutlon B upon SW such that 1 the id of B = ".suhunila") then 

call SKT-RADIO-BOX-ID PR(K'i"suhunii.-"."3-BR |iype| QUERY-radiivK^". SW. uini: 
if there exists a radio-hullon B upon SW such that (the id of B = "domains") then 

call SF.T-RADIO-BOX-ID-PROC i"domain>". -i-BR-|type|gUERY-adio-hox SW. wini: 
if there exists a radio- but ion B upon SW such thai (the id of B = "motifs") then 

call SF.T-RADIO-BOX ID-PROC ("motifs". "5-BR-|iype|-VUERY-radio-hox". SW. »mi: 
if there exists a radio- hullon B upon SW such that 1 Ilic id of B = "groups") then 

call SET- RADIO- BOX -ID-PROC ("croup.". "6 BR-liype| gUERY-radio-bo.\ "". SW . win), 
if there exists a tcxl-pushhuHon do upon SW such that (the id of de = "de") tlwn 

chansc the lext of the callback of de 10 "DELETE gUER YPANEL-CALLBACK 
-how panel on win at (0. Oi: 

oium: 
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IX WNSTRKAM-Ql'ERY-LiSTS-CAl.t.BACK 1 button: class button, win : cla^ window, panel: class quel \ panel) 
BR: class hioieservoir = the hioroservoir named hv die lelaied-uem 01 panel: 

create a messace-dialoi! md. sel the texi ol the message upon the SW of ind to "Pnxessina "and 

show the SW of md on Ihe current window, 
call DOWNSTREAM-FUNCTION gUKRY-LISTS-PROC iBR. panel, wmi: 
delete md: 
1 ci urn 
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UfWNSTREAM-FL'NCnoN-gUHRY-IJSTS PROC (BR: class bioreservotr. panel: class c-4uery.panel. w1n : cla-> window 1 
BRN: svmbol = the name of BR: .ar. 
DA PL = call CREATE-BR-QUERY I.IST-PROC ("DAPL". panel, wini: 
DAPBRL = call CREATE -BR-gUER Y-L1ST-PRC )C ("DAl'BRL". panel.win 1: 
DEF1. = call CREATE-BR-gUERY-UST-PRl )C ( "DKFL". panel, wmi. 
DKFBRl. = callCREATE-BR-gUERY-I.IST-PR0C(-DEFBRL".paiiel.\vmi. 

DCRL = call CREATE-BR-gUERY-LIST-PRt X.' t"DCRL". panel, wmi: 
DCRBRL = call CREATE-BR-gUERY-UST CROC ("DCRBRL". panel.wim 
DPKL = call CREATF.-BR-gUERY-l.lST-PRoCCDI'KL". panel, wmi; 
DI'KBRL = call C-CREATF.-BR-gUF.RY I.IST-PROC ("DPKBRL". panel wiiw: 
DI'Pl. = call CREATE BR-gUERY-l JST-PROC ("DPP1-". panel, wmi. 
Dl'PBRl. =callCRF.ATE-BR-gUF.RYIJST-PKoCi"DPPBRL".ranel.wini 
DTF1. = call CREATE-BR-gUERY-UST -PR< X.' iDTFE". panel, wtnt: 
DTFBRI- = call CREATE-BR-gUERY-LlST-PROC ("DTFBRL". panel, wmi. 
IX.L = call CREATF.-BR-gUERY-l.lST-l'R( >C riXil'. panel, win:. 
IX'.BRL =call C-CREATF.-BR-gUERY-l.lST-PROC("DC"iBRL". panel, win. 
lor DBR = each hioresorvoii thai i- a-downstrcam-biorescrvotr-ol BR do 
if the bK'potil uptm 111c suhworkipace of DBR exists llwn insert "(the name of DBR|" at the end 01 llie text U>i DAl'BRL: 
It > = the biopool uptm the subworkspace of DBR: 
if there exists a hiorcaeianl connected to PO then 
for R = each bioreaciam connected to PO do 
if k ii a eMracell-litand.r or R is a e\tracell-antaj:onisi.r or R is a liaand.r or R is a anlatioiiisi.r tlwn 

insert "|tlie name of DBR I" at tlie end of the text list DF.FBRL: .„.„„„, 
if R is a cell-receplor.r ot R is a receptor .f llien inseri "Itlie name of DBR |" at lite endol ilic text hsi IXRORL: 
if R i> a proi.ktnase.r then in>eri "|(lie name of DBR|" ai the end of the texi list DPKBRL. 
il R is a prot-phosphatascr then insert Tilie nameof DBRI" ai the end of the text list Dl IBRL: 
11 R is a transcTipiion-facior.r llien insert "|ilie name of DBRf a< the end ofihe text list DTFBRL: 
if R is a fiv'no.r then insert "(the name of DBRi" ai the end of the texi list IX'iBRL: 
I if R is a mRNA.r Ihen insert "|lhe natne of DBRI" al Ihe end 01 ihe texi 11M DMRBRL:! 
call F1I.L-BR.ET-I.1ST-PROC (DAPBRL IMPL. panel, wini: 
call F1LL-BR.ET-UST-PROC (DEKBRL. DHFL. panel, nun: 
call FILL BR.ET-LIST PROC MXTRBRL. IXTRL. panel, wmt: 
.all Flt.L-BR.ET-LIST-PRCX: iDPKBRL. DPKL. panel, wmi. 
call FI1.I.-BR.FT-LIST-PR(X:(DPPBRL DPPL. panel, wmi: 
*atl FILL BR.ET-LIST PROC (DTFBRL. DTFL. panel, wmi: 
.all FILL BR.ET-LIST PROC ilX.BRL. DC.L. panel. wmi: 
icium 
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CREATE-BR-QUF.RY-L1ST-PR0C flhl: panel: class query-panel, win: class window) = (class scroll-iexi-lisii 
PN: symbol *= the name of panel: 
BRN: symbol » symbol (the related-item of panel): 
if BRN is noi ixnie then 
if mn (there exists a scroll-texi-lisi L such thai I the label of L = "|PN)-|lbl]-|BRND) ihen 
ereaie a scroll-iext-lisi L: 

conclude that tlK label of L = "| PN|-|lbl|-[BRN|": 
transfer L 10 the subworkspaee of safc-hontc-for-lisis at f- 105. 25): 
conclude ihai L is a-list-assoeiaied-io-dlc panel:] 
reium L: 
else 
reium L 
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FILL-BR.ET-L1ST-PROC (BRL: class scroll-texi-lisi. L. class scroll-iext-list. panel: class query-panel, win : class 
window i 

move BRL to (135. 10): 
if ihc number of elements in BRL >= 0 ihen 
for T = each lexi in BRL do 
BRN = symbol (T): 
BR = the hiore.servotr named by BRN: 
if ilw ref-hioeniity of BR has a currem value Ihen 
EN * ihc hioomny named hy ilic ref-bioeniiiy of BR: 
insert "|ihe name of EN1" ai ilie end of ihc texi list L. 
reium 
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yUERY-BR-RELATED-CALLBACK (button: class button, win : class window, panel: class query-panel i 
BRN: symbol = symbol t the related-item of panel i: 
PN: symbol = the name oi panel: 
SW: class ktvworkspacc = the subworkspaee of panel: 
if not tlherc exists a seroll-text-list L such lhal t the label of L *= "|PN1-I3PKL*[BRN|" or 
Uk label of L = "|PNI-UPKL-|BRN|" )) Ihen 
create a niessace-diuloe md. set die text of the message upon the SW of md lo "Required iniorniation is not available. 
Click on LXnvnsirearnor Upstream and try to query- again" and show ihc SW of md on the currem window at t<). 0): 
else _ , _ 

create a mcssacc-dialoe md. set ihc text of iIk message upon the SW of md to "Processing .... " and 
sImw tlie SW of mil on lite current window at (0. 0): 
rb-idO = call GET-RAI)10-BOX-ID-PR()C rdirection". SW. win): 
typed = call eei-radio-hox -value tpanel. rb-idO): 

ii" there exists a radio-bunon B upon SW such that (tlie id of B = "function") then 
rb-id2 = call GF.T-RADIO-BOX-ID-PROC < Tunciion". SW. win). 
ivpe2 = call ecl-radio-box-v»luc i panel. rb-'id2): 

EL. FBRL = call GET-BR-FUNCTION-L1ST-PROC tiypeO. typc2. panel, win): 
if FBRL exists then 
create a panel-text FT I : 

TXl = capiiali/c-wordsTbioRescrvoirs ItypeOj of | BRN) thai contain |type2]"): 
chance the texi of FTl toTX I: 
create a panel- text FT2: 
if FL exists then 

if not Hhere exists a radio-hutton B upon SW such that (the id of B = "subunits" or ihe id of B = "domains" or 

ihc id of B = "moiifs" or the id of B = "croups")* then 
if there exists a scroll-texi-lisi EL such thai t the label of EL = "| PN]-|t\peOMt\pe2|-ETL") then 

ETL = EL 
else 

create a c-scrotl-texi-list ETL: 

conclude thai ihc label of ETL = "lPN)-liype<J|-|iype2)-ETL": 

conclude that ETL is a-list-assoeiaied-io-dlc panel: 

transfer ETL to the subworkspaee of safe-home-for-lisis ai (50.-245): 

TX2 = capitalize-words t"|typc2 1 wiih structures defined in this module thai are (typcO) of (BRN)" )• 
for Tl = each text in KL do 
insert T 1 at the end of tlie text list ETL: 

else 

ETL. TX2 = call QUERY-BR-STRL'CTURE-LISTS-PROC iiypeO. type2. FL. panel, wini: 
chance the text of FT2 to "|TX2|": 

call CREATE-DOUBLE-gUERY-OUTPLT-PANEL-PROC (FBRL. ETL. FTl. FT2. panel, win): 

delete md: 

reiun: 
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GET-BR-FUNCT10N-LIST-PRC)C (typo2: symbol. lypc'3: symbol, panel: 

class query-panel, win : class window) = (class scroll-text-lisi. class scroll-lexi-list) 

PN: symbol - ihc name of panel: 
BRN: symbol = the relaied-item of panel: 
if iypc2 is downstream then 
case <iype3) of 
extracellular-factors: 

lbl = -|PN]-DEFL-[BRNr: 

Iblbr = *|PN)-DEFBRL-[BRN)*- 
cell-rcccpiors: 

lbl = "[PNl-DCRL-|BRNl": 

Iblbr = "(PN]-DCRBRL-|BRN]": 
proieirvkinases: 

IN = "(PN)-DPKL-IBRN]"- 

Iblhr = "[PNJ-DPKBRL-iBRN]": 
protcin-phosphaiases: 

lbl = "[PN|-DPPL-[BRNr: 

Iblbr = -|PN]-DPPBRMBRN]": 
transcription-factors: 

lhl = "[PN|-DTFL-|BRM": 

Iblbr = "IPNJ-DTFBRL-I BRN*]": 
ccnes: 

Ibl = "[PN]-DGL-|BRNp 
Iblbr = "(PN)-DGBRL-IBRN|\ 
anv-proiein: 

Ibl = "IPNJ-DAPL-IBRNI": 
Iblbr = "jPN|-DAPBRL*|BRNr: 
mvlunciion-selecuon: 

Ibl = "IPNl-DNL-IBRNl": 
Iblbr = "[PNl-DNBRL-lBRNT- else 
if iypc2 is upstream then 
case Uype3) of 
exiraccllular-factors: 

lbl = "lPN|-UEFL-lBRNr: 
Iblbr = "(PN]-UEFBRL-|BRN]";' 
cell-receplors: 

Ibl = -|PN1-UCRL-1BRN]^ 
Iblbr = "|PN)-UCRBRL-IBRN1": 
protcin-kinases: 

lbl = "|PN|-UPKL-iBRNr: 
Iblbr = "(PNl-UPKBRL-IBRNf. 
prolcin-phospnaiascs: 

|bl = "[PNl-UPPL-|BRN|": 
Iblbr = "[PNJ-UPPBRL-IBRN]-: 
Lranscripiion-faciors: 

Ibl = "[PN]-UTFL-[BRN1": 
Iblbr = -[PNJ-UTFBRMBRN)-: 
cenes: 

*" lbl = "lPN]-UGL-lBRN]": 
Iblbr = "|PN]-UGBRL-|BRN1": 

:inv-proiein: 

Ibl = "|PN1-UAPL-|BRNF: 
Iblbr = -IPN]-UAPBRL-|BRN]": 
no-funciion-selection: 

lbl = "|PN]-UNL-|BRN]": 
Iblbr = -|PN]-UNBRL-|BRN]": 
if there exists a c-scroll-icxr-list FL such thai (the label of FL = Ibl i then 

move FL to (-110. -280). ^ nnt 
if there exists a c-scroll-tcxi-lisl FBRL such thai (the label ol FBRL = Iblbr) then 

move FL UH-30. -2S0> : 
return FL. FBRL. _ 
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QUERY-BR-STRUCTURE-LISTS-PRC>C ttypcO: symbol. typo2: symbol FL: class scroll-iexi-list. 
panel: class query-panel, win : class window t = (class scroll-iexi-list. texu 

PN: symbol = i|tc name of panel: 

SW: class kh-workspace = the subworkspacc of panel: 

if there exists a radio-button B upon SW such that I the id of B = "suhunits") then 

type*. PSA = call FIND-SPECIFIC-ARRAY-PROC ("subunits". panel, win): 
if there exists a radio-button B upon SW such that (the id of B = "subuniis-2") then 

type4. PSA-2 = call FIND-SPECIFIC-ARRAY-PROC f"subunits-2". panel, win): 
if there exists a radio-button B upon SW such that (the kJ of B = "domains") then 

type5. PDA = call FIND-SPECIFIC-ARRAY-PROC ("domains", panel, win), 
if there exists a radio-button B upon SW such that (the id of B = "domains-2") then 

typeo. PDA-2 = call FIND-SPECIFIC-ARRAY-PROC ("domains^", panel, win): 
if there exists a radio-button B upon SW such that I the id of B = "motifs") then 

type7. PMA = call FIND-SPECIFIC-ARRAY-PROC ("motifs", panel, win): 
if there exists a radio-button B upon SW such that (tlie id of B = "motifs-2") then 

typeB. PMA-2 * call FIND-SPECIFIC-ARRAY-PROC rmoiifs-2 ". paneL win): 
if (here exists a radio-button B upon SW such (hat (the id of B » "croups") then 

type9. PGA « call FIND-SPECIFIC-ARRAY-PROC ("croups".~panel. win): 
if there exists a radio-button B upon SW such thai (the id of B ■ "croups-2") then 

typelO. PGA-2 =call FIND-SPECIFIC-ARRAY-PROC ("groups-2". panel, win): 
if PSA exists then 
if PSA-2 exists then 

it there exists a scroll-text-lisi ETL such that ft he lahel of ETL = ••fPNHt\7eO)-|iyp<;2||t\pe3|-|t>-pe4|-F.TL'i then 
"o to final-routine 
el'se 

ETL. TX2 = call MERGE-BR-FUNCTION-STRUCTURF.-STRUCTURE-PROC (the symbol subunit. 
the svmbol subunit. tvpeO. tvpe2. ivpe3. tvpe4. FL. PSA. PSA-2. panel, win): 

else 

if there exists a e-scroll-iexi-list ETL such that line label of ETL = "|PNHtyr*rf)|-(iyT>e2J-|iypc3)-ETL"l then 
co to final-routine 
else 

ETL. TX2 = call MF.RGF.-BR-FUNCTION-STRUCTURE-PROC <the symbol subunit. typcO. type2. iypc3. 
FL. PSA. panel, wini: 

else 

if PDA exists then 
if PDA-2 exists then 

if there exists a c-scroll-icxt-lisi ETL such that (the label of ETL = "|PN|-[iypcOJ-|iype2|-|t>pe5]-|i>ne6|-ETL"i 

then 

t:o to final-routine 

""ETL. TX2 = call MERGE-BR-FUNCTION-STRUCTURE-STRL'CTURE-PROC (the symbol domain, 
the svmbol domain. tvpeO. tvpc2. ivpe.S. tvpeo. FL. PDA. PDA-2. panel, win) 

else 

if PMA exists then 

if there exists a c-scroll-iext-list ETL such that (the label of ETL = ~|PN|-|i>pc5|-|type7|-ETL"> then 
so to final-routine 
else 

ETL. TX2 = call MERGE-BR-FUNCTION-STRUCTURE-STRUCTURE-PROC (the symbol domain, 
the svmbol motif, tvpet). lvpv2. tvpe5. tvpe7. FL. PDA. PMA. panel, winl 

else 

if PGA exists then 

if there exists a scroll-texi-list ETL such that dhe label of ETL = •|PN|-|typeO]-|iype2|-|type5|-|i>pey)-ETL") then 
co to final-routine 

C ETL. TX2 = call MERGE-BR-FUNCTION-STRUCTURE-STRUCTURE-PROC (the symbol domain, 
the svmbol croup. tvpeU. tvpc2. tvpe5. tvpeV. FL. PDA. PGA. panel, win) 

else 

if there exists a c-scroll-text-list ETL such that ulie label of ETL = •'[PN|-|i>pcO|-ll>T>e2|-ltype5|-ETL") then 
so to final-rouime 
else 

ETL. T.\2 = call MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol domain. tvpeO. type2. iype5. 
FL. PDA. panel, wini: 

else 

if PMA exists then 
if PMA-2 exists then 

if tliere exists a scroll-tcxt-list ETL such that itlie label of ETL = "|PN|-|typeO|-[t>pe2Hi\-pe7|-|i\pe«|-KTL") then 
go to final-routine 
efse 

ETL. TX2 = call MERGE-BR-FUNCTION-STRUCTURF.-STRUCTURK-PROC ulie symbol motif, 
ihe symbol motif. typcO. iype2. lyp*:''. type."*. FL. PMA. PMA-2. panel, win) 

coiumiiL' 

/*7 
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else 

ii" (here exists a vroll-ioxi-liM ETI. sui.li that (the label of ETL = " I PN] ■ 1 1 vpoO |-| lypo 2 1 iypo7 1 - ETl- ) then 
co io final-routine 
else 

if PGA exists ihcn 

if there exists a stToll-iext-lisi ETL such thai (the label of ETL = " [ PN 1 - 1 lyrvO | l r> pc2 1 - 1 i> pc7 J -| ly pe*» ) - FTTl. ) (hen 
no to final-routine 
efse 

ETL. TX2 = call MERGE BR-FUNCTION-STRUCTURE STRUCTURE PRtXr (the symbol motif, 
the svmboi croup. ivpeO. tvpc2. tvpe7. tvprf. FL. PMA. PGA. panel, win) 
else „ 

if there exists a scroll-ic&i-IUi ETL such that (the label of ETL = "|PN|-|ryr^>|-|iypc21-ETL") then 
•;o to finai-routinc 

ETL TX2 = call MERGE-BR FL'NCTION-STRUCTURE-PR(>C ((he symbol motil. ivpcO. typc2. type. 
KL. PMA. panel, win i: 

else 

if PGA exists then 
if PGA-2 exists then 

if there exists a scroll-icx(-li>t ETI. such (hat (the label of ETL = ••|PNl-|iyr^)Hr>po21|r>pey) ltypelO|-ETI.' i then 

•jo to final-routine 
else 

ETL TX2 = call MERGF. BR-KUNCnON-STRUCTURE-STRUCTURE-PROC (the symbol group. 
Hie svmboi croup. ivpeO. tvpe2. lypeV. rypelO. FL. PGA. PGA : 2. panel, wint 

else 

if there exists a scroll-icxi-hsi ETI. such that (the label of ETL = "|PN|-|iype<)|-|t\pe;|-ltype9|-ETL ) then 

co to final -routine 
else 

ETL. TX2 = call MERGE-BR-EUNCTION-STRUCTURE-PROC lihe symbol croup. typeO. type2. lypeV. 
EL. PGA. panel, win): 
return ETL TX2: 
final -Touune: 

return ETL TX2: 
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MERGE-BR-FUNCTKlN-STRUCTL'RE-PROC (tacl: symbol. typeO: symbol. iypc2: symbol. rype.V symbol. 
Fl.: class scroll-text-lisi. yA: class uuerx -array, panel: class query-panel, win class window > = 
(class scroll-icxt-lisi. texn 

PN: symbol = the name of panel: 

BRjN: svmbul = the related-item of panel. 

if there exisis a scroll-iexi-lisi ETL such that ithc label of ETL = " I PN1 -| iy pc< i| I n pc2 ! - 1 iypo3 ) -KTl-" i then 
•jo io exu-rouiine 

ei.w 

create a scroll-texi-lisi ETI.: 

concluue that the label of ETI. = "| PN|-|iype<i|-|iype:i-liype3|-ETL": 
conclude iliat ETL is a-lisi-a.»^<ciaied-io-dlc panel, 
transfer ETI- to ihe suhworkspace of sale-liome-for-lists at (50. -2-45): 
TX2 = the scroll-title of ETL: 
ii the number of elements in Fl. - 0 then 
TX2 - capitalize-words (Tltere are no struciures defined in this module of |iype2) Uiai are |typcO| ol | BRN| i . 

else 

call BR-F1LL-ETL-LIST-PR( >C (FL. (JA. ETL panel, win): 
if ihe number of elements in ETI . >= 0 then 

TX2 = capiiali/e-words Cliype2| dial are |iypeO| of 1BRN] and contain |iype3|"i: 
else 

if die number of elements in ETL = 0 then 
if tvpe3 = svmboi i"no-|iacl|sclection ) then 

TX2 = capitalize-words <|iypc2| with structures defined in this module that are |type()l ot |BRN| "> 
else . 
TX2 = capitalize- words i'"|type2] with structures defined in this module thai are trype<)| of |BRN|. None 
of those contain liype.V) i. 
lor Tl s each text in FL do 
insert Tl at die end of die text lisi ETL: 
return ETL. TX2: 
exu-rouiine: 
TX2 = tl»e scroll-title of ETL: 

return ETL. TX2: ~ 
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N1ERGE-BR-FL'NCT10N-STRUCTURE-STRUCTURE-PR(X:(iact: symbol. tag2: symbol. ivpeO: symbol. iype2: 

■symbol. type4: symhol. type5: symbol. FL: class scroll-text-list. DQA: class query-array. MC?A: class i|uery-arTa\ . 

panel: class query- -panel, w in : class window) = (class scroll-text-list. text) 

PN: symbol = the name of panel: 

BRN: svmbol = svmbol (the related-hem of panel): 

if there exists a scroll-texi-lisi ETL such thai iihe label of ETL = ~|PN]-liype01-hype21-|typc41-Iiype5I-ETL" > then 

go to exii-routine 
else 

create a scroll-text-list ETL: 

conclude that the label of ETL = lPN)MtypeO|-[i>Tc2|-[iype4|-liype5|-ETL": 
conclude thai ETL is a-lisi-associated-io-dJc panel, 
transfer ETL to the suhworkspace of sale-home-for-lists at (50. -245): 
TX2 = the scroll-title of ETL: 
• if the number of elements tn FL * 0 then 

TX2 = capitalize-words ( There are no structures defined in this module of |type2| that are (typed) of (BRN] 'i 
else 

if the array-length of DQA = 0 then 
if the array-length of MQA = 0 then 
if tvpo5 = svmbol ( "m>-|iac2]-seleciipn") then 
TX2 = capitalize-words ("|iypc2| with structures defined in this module thai are ltype0| of |BRN|. 
None of those contain [tvne4|"l 

else 

if tvpc4 = svmbol ("no-|tac 1 ]-selcciion"> then 
TX 2 = capitaiizc-wordsV'|type2! with structures defined in this module that are |typeO| of |BRN| 
None of those contain |ivpe5P 
else ' ' 

if type? = symbol ("tuv|iag2|-sclcction') and typc4 = symbol Cno-liagI l-seleeiio»"> then '■■ 

TX2 = capituli7e-tvords"( "|type2| with structures defined in this module that are ItypeO] ot |BKN| i 
else 

TX2 = capitalize-words r|typc2] with structures defined in this module that are liypeOI of |BKN|. 
None of those contain |type4| or |type5|'): 
lor Tl = each text in FL do 
insert Tl at the end of the text list ETL: 

else 

if type4 = symbol ("no-|iacl ]-selection") then 

TX2 = capitalize-words t"liype2| with structures defined in this module that are ItypeO) of |BKN| and 
contain | type? |~> 

else 

TX2 = capitalize-words t"[iype2| with structures defined in this module that are (type!)) of |BRN| :ukI 

contain |tvpc5]. None of those contain livpe4|">: 
call BR-F1LL-ETL-L1ST-PW KT ( FL. M(JA. ETL. panel, win i: 
else ... 
u the array-length of MQA = 0 then ' ' ' . 

ii type5 = svmbol ("m»-|iac2|-seleciion"> then 

TX2 = capitalize-words t' |iypc2J with structures defined n this module that are [ivpeO] of |BRN] and 
contain |ivpe4p 

else 

TX2 = capitali/e-words ( "|type2 1 with structures defined in this module that are I typed) of | BRN | and 

contain | tvrv4|. None ot those contain |ivpe5p: 
call BR-FILL-ETL-LIST-PROC (FL. VQA. ETL. panel, wini: 
else 

TX2 - capitalize-words f"|type2| with structures defined in this mixlule that are |rypeO| of |BRN| and 
contain |ivpe4| and |tvpc5p: 
call BR-FILL-LM )UBLE-ETL-L1ST-PK( )C tFL. UQA. My A. ETL. panel, wim: 
return ETL TX2. 
exit-routine: 

7X2 - the scroll-tide of ETL: 
return ETL. TX2: 



TABLE 150 

BR-FtLL-ETL-LIST-PR(K (FL:class scroll-text-list. QA: class query -array. ETL: class saoll-lext-list. panel: cla» 
query-panel, win : class window) 

if the number of elements in FL >= 0 and the array-length of QA >= 0 then 
for T = each text in FL do 
tor AE = each svmbol in QA do 
if T = "| AE|" then insert T at the end of the text list ETL: 
return 
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TABLE 151 



BR-F1LL-DOUBLE-ETL-LIST-PROC (FL: class scroll-texl-list. DQA: class query-array. 
MQA: class query-array. ETL: class scroll-tcxt-list. panel: class query-panel, win : class window) 
lor T = each text in FL do 
for DAE = each svmhol in DQA At 
if T="|DAE]" ihen 
lor MAE = each svmhol in MQA do 
if T = "[MAE1" ihen 
insert T at the end of the text list ETL: 

return 



TABLE 152 



CREATE-DOUBLE-gUERY-Ol'TPLT-PANEL-PROC (BRL: class scToll-texl-lisi. 
ETL:class scroll-text-lisi. FT I : class frce-lexi. FT2: class frec-iexi. die: class query-panel, 
win : class window i 

d-id: ie.\i= the id of die: 

create a query-panel panel hy cloning M ASTER-MOLECULAR-QUERY -OUTPUT- PANEL. 

transfer panel to the suhworkspace of dialoe-bin at i0.0): 

SW = the xuhworkspace of panel: 

uid = call unique-id (d-id): 

chance lite text of the id of panel to uid: 

transfer FT I toSWatlO. Ill)): 

transfer FT2 to SW at tO. - 1 SO): 

make panel permanent: 

sal = call create-scroll-area-lrom-lisl ("querv-BR-scroll". 6. BRL). 

call C-COMPLETE-BR-PANEL-PROC (sal. panel, win): 

sa2 = call creaie-scroll-arca-lrom-lisi ("querv-BR-scroll". 6. ETL): 

call C-C()MPLETE-BE-PANEL-PR( )C ( sal panel, win): y*i* 

change the size of the suhworkspace of panel to minimum: 

show" die suhworkspace of die with its top right comer 40 units below the top right comer of ilie screen: 
snow the suhworkspace of panel on win with its center 300 units to the left ol the center of the screen: 
return : 



COMPLETE-BE-PANEL-PROC (sa: class scroll-area, panel: class query-panel, win : class window i 
de: class uil-hutton: 

conclude mat the allow-unseleci-on-selected-messace of sa is true: 

conclude that lite allow-muliiple-simuhancous-sclcclions of sa is true: 

call add- erohj-to-dialogt panel. sa. 0. -?20): 

call scroll-area-rcflect isai: 

call sei-atuibutclSA. Uie symbol messace-selection-inetliod. the symbol query-message-sclcclion): 
call set-altribmdSA. the symbol iTKSsagc-uaseleetuHVincihod. the symbol query-messaae-unselectioni: 
de = call create-pushhutioii ("de". the symbol text, die symbol DELETE-QUERY-PAN EL-CALLBACK. 

the symbol medium. "DELETE"): 
call add-grobj-lo-dialoei panel, de. U. -440): 
return: 



COMPLETE-BR-PANEL-PROC (sa: class scroll-area, panel: class query-panel, win : class window i 
conclude thai the allow-unseleci-on-selccied-messace of sa is true: 
conclude thai the allow-multiple-simuhaneous-selections of sa is true: 
call uil-add-grohi-io-dialogi panel, sa. 0. -30): 
call uil-scrull-area-rellect ( sa): 

call uil-set-aluibule(SA. the symbol messace-selection-nietltod. the symbol query --message-selection): 
call uil-set-atlributefSA. die symbol nKssage-unselection-mctlwKl. Uie symbol 

query-messace-unselection ): 
change the text of die orderinc-method of sa io ";tlphabetic": 
return: 



1 70 



W 96/22575 



TABLE 153 



PCT/US96/D0883 



DOWNSTREAM-FUNCTION-LOCATION-CALLBACK (button: class button. win: class window, 
panel: class query-panel > 
BR = die bioreservoir named by the related-item of panel; 

create a message-dialog md. set die text of the message upon the SW of md to "Processing 

and show die SW of md on die current window: 
call DOWNSTREAM-FUNCTION-QUERY-LISTS-PROC (BR. panel, win): 
call D()WNSTREAM-LOCAT10N-QUERY-L1STS-PROC(BR. panel, win): 
delete md: 
return: 



TABLE 154 



DOWNSTTIEAM-LCXTATION-QUERY-LISTS-PROC (BR: class bioreservoir. panel: class query-panel, 
win : class window i 
BRN = die name of BR: 

DACL = call CREATE-BR-QUERY-LIST-PROC ("DACL". panel, win): 
DACBRL = call CREATE-BR-QUERY-LIST-PROC ("DACBRL". panel, wini: 
DECL = call CREATE-BR-QUERY-LIST-PROC ("DECL". panel, win): 
DECBRL = call CREATE-BR-QUERY-LIST-PROC ("DECBRL". pancl.win); 
DCML = call CREATE-BR-QUERY-LIST-PROC ("DCML". panel, win): 
DCMBRL = call CREATE-BR-QUERY-LIST-PROC CDCMBRL". panel-win): 
DCYL = call CREATE-BR-QUERY-LIST-PROC ("DCYL". panel, win): 
DCYBRL - call CREATE-BR-QUERY-LIST-PROC ("DCYBRL". panel. win): 
DNUL = call CREATE-BR-QUERY-LIST-PROC ("DNUL". panel, win): 
DNUBRL = call CREATE-BR-QUERY-LIST-PROC ("DNUBRL". panel, win): 
DERL = c;dl CREATE-BR-QUERY-LIST-PROC ("DERL". panel, win): 
DERBRL = call CREATE-BR-QUERY-LIST-PROC ("DERBRL". paneLwin): 
DGOL = c;UI CREATE-BR-QUERY-LIST-PROC ("DGOL". panel, win): 
DGOBRL = call CREATE-BR-QUERY-LIST-PROC ("DGOBRL". panel. win): 
DENL = eaJI CREATE-BR-QUERY-LIST-PROC ("DENL". panel, win): 
DENBRL = call CREATE-BR-QUERY-LIST-PROC ("DENBRL". pancl.win): 
lor DBR = each bioreservoir that is a-downstream-bioreservoir-of BR do 
insert "|die name of DBR1" at die end of die text list DACBRL: 

if DBR is a ext-sol-mol-reservoir il»en insert "| llic name of DBR]" at die end of die text list DECBRL else 
CL = call C-FIND-COMPARTMENT-PROC (DBR. panel, win): 

if CL = die svmhol cell-membrane then insert "|Uie name of DBR|" at the end of die text list DCMBRL else 
if CL = die svmhol cytosol dien insert "(die name of DBR1" at die end of die text list DCYBRL else 
if CL = the svmhol nucleus Uien insert "|Uie name of DBR |" at die end of die text list DNUBRL else 
if CL ~ die symbol c-retieulum then insert "(die name of DBR|" at die end of die text list DERBRL else 
if CL = the symbol golgi then insert "(die name of DBR |" at the end of die text list DG( )BRL cLse 
if CL - die svmhol endosomes dien insert "|the name of DBR|" at die end of die text list DENBRL: 

call FILL-BR.ET-LIST-PROC (DACBRL. DACL. panel, win). 

call FILL-BR.ET-LIST-PROC (DECBRL. DECL. panel, win): 

call FILL-BR.ET-LIST-PROC (DCMBRL. DCML. panel, win): 

call FILL-BR.ET-LIST-PROC (DCYBRL. DCYL. panel, wini: 

call FILL-BR.ET-LIST-PROC (DNUBRL. DNUL. panel, win): 

call FILL-BR.ET-LIST-PROC (DERBRL. DERL. panel, wini: 

call F1LL-BR.ET-L1ST-PROC (DGOBRL. DGOL. panel, win): 

call FILL-BR.ET-LIST-PROC (DENBRL. DENL. panel, wini. 

return: 



TABLE 155 



FIND-COMPARTMENT-PROC (BR: class bioreservoir. panel: class query-panel, win : class window) = (symbol i 
R_H = die hioreservoir-bin superior to die workspace of BR: 
BM I = die hiomodcl superior to the workspace of RH; 
if BM I is a cell-compartment dien CO = BM 1 else 
BM2 = die hiomodcl superior to die workspace of BM I: 
if BM2 is a cell-compartment dien CO = BM2 else 
BM3 = die hiomodcl superior to the workspace of BM2: 
if BM? is a cell-compartment dien CO = BM3 else 
BM4 = die hiomodcl superior to die workspace of BM3: 
if BM4 is a cell-compartment dien CO = BM4 else 
B M5 = die hiomodcl superior to die workspace of BM4: 

if BM5 is a cell-comparuneni dum CO = BM5: — 
CL = die class of CO: 
return CL: 
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{JUERY-BR-RELATED-LoCATION-CALLBACK (button: class buuon. win : class window, panel: class query-panel' 
BRN: symbol = symbol line relaied-itcm of paneli: 
PN: symbol = iIk nan*: of panel: 
SW: class workspace = ihe subworkspace of panel: 
u no t there exists a scroll-texi-lisi L such thai I the label of L «= "|PN)-DPKL-|BRN]" or the label of L «= 

"|PN|-UPKL-|BRNr Dthen 
create a mcssaiie-dialoc md.se! ihc text of the message upon the SW of md in "Required information is not available. 

Click on Downstream or Upstream and try to query a=ain" and show the SW of md on the current window 
else 

create a messaee-dialoe md. set Ihc text of the message upon the SW ot n*J 10 Processing and 

show ilie SW of md on the current window: 
create a panel-text FT1: 
create a panel-text FT-. 

if not i there exists a radio-button B upon SW such that Hhe id of B = "suhunits" or the id of B = "domains" or 
the id of B = "motifs" or the id of B = "croups")) then 
BRL. ETL. TX I.TX2 = call MERCE-LOCATION-FUNCTION-ONLY-PROC (panel, win) 
else 

ivpct). ivpel. ivpc2. LL. FL. BRL.TXl = call MERGE-LCXTATION-FUNCTION-PROC (panel, win): 
ii' there exists a radio-buiion B 1 upon SW such that (the id of B 1 = "location") and there exists a uil-radio-buiion B2 
upon SW such that tlie id of B2 = "function") then 
PETL = call MERGE-LL-FL-PROC (ivpcl.ivpc! LL FL. panel. win): 

ETL. TX2 = call QUERY-BR-LOCATI()N-FL I NCTIf)N-STRUCTURE-LISTS-PR()C (typeO. typcl. type:. 
PETL. panel, win) 

if there exists a radio-button B upon SW such that (the id of B = "location ) then 

ETL. TX: = call yUERY-BR-LOCATION-STRUCTURE-LISTS-PROC uypeU typcl. LL panel, wim 
else 

if there exists a radio-hution B upon SW such that (the id of B = "function") then 
ETL. TX2 = call yUER Y-BR-KUNCTION-STRUCTURE-LlSTS-PR( >C I typed. iype2. FL panel, win ): 
chance the text of FTl to "|TX1]": 
chanse ihe text of FT2 to "|TX2 j": 

call CREATE-D< iUBLF-QL'ERY-OUTPUT-PANEL-PR(>C (BRL. ETL. FTl. FT2. panel, win): 

jeiete nil; 

return: 



TABLE 157 



NlERGE-LOCATION-FUNCTION-ONLY-PRiK (panel: class query-panel, win : class window) = 
iclass scroll-texi-lisi. class scroll-lext-list. text, text) 
BRN: symbol » symbol tthe related-itcmol panel): 
PN: symbol = the name of panel: 
SNV: class kb-workspace = the subworkspace of panel: 
inhere exists a c-scroll-iexi-hst KTL such that line label of ETL ~ "|PN|-KTL-|BRN)"1 tlten 
for ETL = each scroll-iexi-hsi do 
if the label of ETL = "|PN|-ETL-|BRN|" ilien delete ETL. 
creaie a scroll-iexi-list ETL: 

conclude that the label of ETL = "|PN1-F.TL|BRN]": 

conclude that ETL is a-list-associatcd-to-dlc panel: 

transfer ETL to the subworkspace of safo-home-for-lisis at (50. -245 r. 

rb-id() = call GET-RAUIO-BOX-ID-PROC ( direction". SW. win): 

ivpct) = call uil-cct-radio-hox-value I panel. rb-idO): 

rh-id I = call GET-RAOK VBOX-1D-PROC ("location". SW. win): 

tvpei = call uil-uei-radio-hox-valueipanel. rb-idll: 

LL. LBRL = cal'l GFT-BR-LOCATION-LIST-PROC itvpeO. tvpcl. panel, win). 
rb-td2 = call GET-RADIO-BOX-ID-PROC ("function". SW. win): 
tvpe2 = call uil-aei-radio-box-value (pane). rb-id2): 

FL. FBRL = cafl GET-BR-FUNCTION-LIST-PROC itvpcU. ivpe2. panel, wim: 
if there exists a scroll-lext-list BRL such iliai (the label of BRL = "|PN1-BRL-|BRN1") then 
for BRL = each c-scroll-iexi-list do 
if tlie label of BRL = "(PN|-BRL-|BRN]" ihcn delete BRL. 
create a scroll-iext-list BRL: 

conclude that ihe label of BRL = "|PN|-BRL-|BRN] : 

conclude thai BRL is a-iisi-associated-lo-dlg panel: . 

transfer BRL to the subworkspace of safe-home-for-lists at (135. -2.'5i. 

TX1 = call MFRGE-BRL-FUNCTJON-HlCATlON-PROCttv-peU. tvpcl. ivpe2. LBRL. FBRL BRL. panel, win;: 
TX2 = call MERGE-ETL-FUNCTION-LCXTATION-ONLY-PROC nypeu. type). iypo2. LL. FL. ETL. panel, wim. 
return BRL ETL. TXI.TX2: 

cnu ~ 
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TABLE 158 



MERGE-LLFL-PROC (LL: class c-scroll-tcxt-lisi. FL: class scroll-texi-list. 

panel: class query-panel, win : class window i = i class scroll-lcxt-lisu 
PN: svmhol = ihc name of panel; 
BRN: symbol = svmhol line relaicd-iiem of panel i: 

11 there exists a c-scroll-iexi-lisi PETL such Uiat line label of PETL ~ "lPN]-PETL-|BRN)"t men 

for PETL = each c-scroll-iexi-lisi do 
if the label of PETL = "(PN)-PETL-I BRN]" then delete PETL; 
create a c-scroll-iexi-lisi PETL; 
conclude that the label of PETL = "[PN]-PETL-[BRN]": 
(conclude thai PETL is a-list-associated-io-dle panel;} 
transfer PETL to the subworkspacc of safc-homc-tor-lists at 150. -M5 1: 
uir TF = each lexi in FL do 

for TL = each lexi in LL do 

if TF = TL then insert TF al ihc end of ihe lext list PETL; 
return PETL; 



TABLE 159 



GET-BR-L()CATION-L!ST-PROC tiypeO: symbol, typel: symbol, panel: class 
juery-panel. win : class window* = iclass scroll-texi-list. class scroll-iexi-listi 
PN = the name of panel; 
BRN = the related-item of panel; 
if lypeO is downstream then 
caseuypeliof 
extracellular: 

lbl = "|PN]-DECL-|BRN) ': Iblbr = "|PN|-DECBRL-[BRNr. 
cell-membrane: 

lbl « "IPN'I-DCML-IBRN] "; Iblbr = "IPNl-DCMBRL-lBRN]": 

cvtosol: 

' lbl = "|PN|-DCYL-|BRN| : Iblbr = "|PN]-DCYBRL-|BRN] '*. 
nucleus: 

IN = "IPN]-DNUL-[BRN| "; Iblbr = |PN|-DNUBRL-|BRN]": 



e-reticulutn: 

lbl = "|PN!-DERL-|BRNl"; 
colei: 

fbl= |PN|-DGC)L-|BRNr: 
endosomes: 

lbl = "fPN|-DENL-|BRN|"; 
no-Uvation-seicciion : 

lbl = "|PN]-DNL-|BRNi": 

else 

if typeO is upstream then 
case i type I > of 
extracellular: 

1M = IPNI-UECL-IBRN]'; 
cell-n»embrane: 

lbl = _ |PN|-UCML-|BRNl"; 
cvtosol: 

' lh] = "|PN|-UCYL-[BRN|"; 
nucleus: 

lhls-IPN'1-UNUL-IBRNr; 
e-reticulum: 

lbl = "|PN|-UERL-fBRN|"; 
colci: 

rbl = "|PN)-UG()L-[BRNr: 
endosomes: 

lbl='|PNl-L'ENL-|BRM'; 
iio-locauoii-selection : 

lbl = "|PN|-UNL-[BRN|"; Iblbr = "IPNI-UNBRL-IBRNJ": 
if there exists a serolMexi-list LL such thai line label of LL = lbl> then move LL to I- 1 10. -2S()k 
.i there exists a scroll-texi-list LBRL such that (the label of LBRL = Iblbr I then move LBRL unol). 3<»: 
return LL. LBRL: 



Iblbr = "|PN|-DERBRL-|BRNJ"; 
Iblbr = ■ 1PNI-DGOBRL-IBRN]": 
Iblbr = "fPNl-DENBRL-|BRN|": 
Iblbr = "|PN|-DNBRL-(BRN]' '■ 

Iblbr = "iPNl-UECBRL-IBRNI": 
Iblbr = "IPNI-UCMBRL-IBRN]": 
Iblbr = "[PNI-UCYBRL-IBRNp; 
Iblbr = "[PNI-UNUBRL-JBRNl": 
Iblbr = "|PN)-UERBRL-|BRN|"; 
Iblbr = "| PN l-UGOBRL-l BRN] ": 
Iblbr = (PN]-UENBRL-(BRN]": 
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MERGE-BRL-FUNCT10N-LOCATION-PROC (typcO: symbol. i>T»c 1 : symbol. 
iypc2: svmhol. LBRL: class scroll-icxi-lisi. FBRL: class scroll-icxi-lisi. ETL: class 
scroll-tcxt-lisi. panel: class query-panel, win : class window) = (text) 

BRN : svmhol - svmhol (die related-item of panel ): 

if the number of'clcmenis in FBRL = 0 and Uic number of elements in LBRL = 0 
then 

if ivpe2 = the svmhol iio-funclion-sclection ihcn 
TX2 = capitalize-words ("dicre arc no bioRcscrvoirs 
|ivpeO| nf 
I BRN | 

and located in the |typcl]") 
else 

if type 1 = the svmhol no-locaiion-selcaion ihcn 
TX2 = capitalize- words (There arc no bioRcscrvoirs 
of |typc2| |tvpeO|of 
| BRN | 

and located in the (type I J") 
else 

if die number of elements in FBRL = 0 and die number of elements in LBRL >= 0 
then 

if ivpc2 = the svmhol no-function-sclcction then 
TX2 = capitalize-words ("bioRescrvoirs U>f>crt>| of 

|BRN| 

and located in die |iypcl 1") 
else 

TX2 = capitalize-words ("bioRescrvoirs UypcOl ol 

[BRN1 

and located in the |typc 1 1. f 
None arc |type2p: 

lor TL = each text in LBRL do 
insert TL at die end of die text list ETL: 
else 

if the number of elements in FBRL >= 0 and die number of elements in LBRL = 0 
then 

if ivpe I = the svmhol no-locaiion-sclcction then 
TX2 = capitalize-words ("bioRescrvoirs of |iypc2| | type!) I ol 
IBRNp 
else 

TX2 = capitalize-words ("bioRcscrvoirs ol |typc2| ItypeOI ,>l 
IBRNt. 

None or those are located in the [ivpclj"): 
for TF = each text in FBRL do 
insert TF at the end of die text list ETL: 
else 

if the number of elements in FBRL >= 0 and the number ol elements in LBRL >= 0 
then 

TX2 = capitalize-words C'hioRescrvoirs ol liype21 hypcOl ol 
|BRN| 

and located in die |lype ll"V. 

for TF = each text in FBRL do 
for TL = each text in LBRL do 
ifTF = TLUien 

insert TF at the end of the text list ETL: 
return TX2: 
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TABLE 161 

MERGF.-ETL-FL'NCTK)N-L()CATI()N-()NLY-PR<>Cii\T>e«: symbol, typel : symbol. iype2: symbol. LL: class c- 
scrcll-iext-ltsi. FL: class c-scroll-texi-lisl. ETL: class scroll-texi-list. panel: class t|uer> -panel, w in : class window t = 

((CXI) 

BRN: symbol = symbol fine rclaicd-iiem of panel i: 
ii' ihe number of elements in FL = 0 and ihe number of clemems in LL = 0 
then 

if iypo2 = ihe symbol no-function-sclcction ihcn 

TX2 = capitalize-words i there arc no entities with structures defined in Ihis module that 
are |tvpcO| o!'|BRN|and located in ihe fiypelj" ) 

else 

it type I = ihe symbol no-locaiion-selcction then 

TX2 = capitalize-words < There are no |i vpc2 1 with structures defined in this module of 

tlui are hypeO] ol'IBRNn 
end else 

if the number of elemcirts in FL = 0 and tlie number of elements in LL >=0 
then ■ 

if typc2 = the symbol rnvfunciion-sclcciion then 
TX2 = capitalize-words i" Entities with structures denned in this module that are |iypcO| of (BRN] 
and located in ihe |ivpel ]") 

else 

TX2 = capitalize-words I "Entities with structures defined in this module tlul are |t>-ptfOJ of |BRN't 
and located in the |iype 1 1. None are |iypc2 1"). 
for TL * each icxi in LLdo 
insert TL at ihe end of ihe text list ETL: 
else 

if the number of elements in FL >= *> and the number of elements in LL =1) then 
if tvpel = ihe svmbol no-location-sclcciion tlien ; • 

TX2 = capitali/e-words i "|typo2} wiih structures defined in ihts module ihat are ItypeOJ [BRN|"' 
else .... 
TX2 = capitalize-words t "|typc2 1 wiih structures defined in this module that are jtypel)) of |BRN|. - 

None of ihose are located in the liypc 1 
lor TV = each text in FL do 
insen TF at ihe end of the text list ETL: 
else 

if ihe number of elements in FL>= O and the number of elcntcms in LL>= •) ihen 

TX2 = capitalize-words t "|typc2 1 with structures defined in this module that are |typcU| of |BRN| 

and located in the [type 1 1" I. 
for TF = each icxi in FL do 
for TL = each text in LL do 
if TF = TL Own 

insert TF at the end of the text list ETL. 
reium TX2: 



TABLE 162 



MERCE-LOCATK)N-FUNCTI<)N-PR(XT. (panel: class query-panel, win : class window i» oynilvl. Nymlvl. symlvl. 

class scroll-iexi-Iist. class scroll-texi-list. class scrolt-lexi-ltsi. text) 

BRN: symbol = symbol line related-iiem of panel i: 

PN: symbol = the nante of panel: 

SW: class kb-workspacc « i)k subworkspace of panel; 

rb-id()« call GET-RAl>I(>-B(>X-IL>PR<)C i direcikm". SW. win): 

ivpeO= call uil-cei-radio-box-value i panel. rb-idOl: 

r'b-idl = call GET-R AUK )-BOX-ID-PRt)C ( location". SW. wim: 

tvpel = call uil-cei-radio-box-value tpanel. rb-idt): 

LL. LBRL « call GET-BR-LOCATN >N-LIST-PR<>C itvpeO. i\j>el. panel. wm>: 
rb-id2 = call GET-RADlO-BOX-IU-PRtXT ("fuiwiion". SW. wmi: 
tvpc2 = call uil-cet-radiivKw- value tpanel. rb-id2): 

FL. FBRL = cafl GET-BR-FUNCTION-LIST-PROC iivpc«. tvpe2. panel, wim; 
ii there exists a scroll-icxi-lisi BRL such thai ithe label of BRL = "| PN|-BRL-|BRND then 
for BRL = each scroll-texi-list do 
il the label of BRL = "IPNI-BRL-I BRN]" tlK-n delete BRL: 
create a scroll-texi-list BRL: 

conclude ihai ihe label of BRL = "(PN |-BRL-|BRN |": 

conclude that BRL is a-list-a*sociaicd-lo-dli: panel: 

transfer BRL lo the subworkspace of safe-honie-for-lisis at 1 1 ?5. -235): 

TX1 = call C-MERGF.-BRL-KUNCTION-L()CATH>N-PU()C itypeO. tvpel. typo2. LBRL. FBRL. BRL. panel. um>: 
return typel). typel. iype2. LL. FL. BRL. TX I; * ~ 
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TABLE 163 



OUF.RY-BR-LOCATION-STRUCTTJRE L1STS PR<>C uypeO: symbol, ivpci: symbol. 
* PETL: class scroll-iexi-list. panel: elas> query- panel, win : class window) = i class scroll-iexi-list. texn 
PN . symbol = the runic of panel. 
SW: class kb-workspacc = the suhworkspace of panel, 
if tlierc exist; a radio-hution B upon SW such that i the id of B = "subunits" > then 
ivpc.v PSA = call FLVDSPECIFIC-ARRAY-PROC fsubuniis". panel, winr. 
il" there cxisis a radio-huiion B upon SW such ihai ithe id of B = "subuniis-2"} ihen 
■ vpc4. PSA- 2 = call FIND-SPECIFIC-ARRAY-PROC f subunits-2". panel, win): 
if there cxisis a radio-button B upon SW such that nhe id of B = "domains' I ihen 
ivpc.v PDA = call FIND-SPECIFIC-ARRAY-PROC ("domains", panel, win): 
if iltere exists a radio-button B upon SW such thai uhe idol* B = "domains-2"i then 
• ivpeo. PDA-2 = call FIND-SPECIFIC-ARRAY-PROC i"domains-2". panel- win), 
if there exists a radio-button B upon SW such inat iihe id of B = "motifs") then 
i vpo7. PM A = call FIND-SPECIFIC-ARRAY-PROC ("motifs", panel, win >: 
it there exists a radio-button B upon SW such that (the idvif B = "motifs-2"> then 
tvpc8. PMA-2 = call FIND-SPECIFIC-ARRAY-PROC ("motifs-2 ". panel, win): 
if there exists a radio-button B upon SW such thai lihe id of B = l-= "croups'") then 
tvpes). PGA = call FIND-SPECIFIC-ARRAY-PROC ("croups", panel, win), 
if there exists a radio-button B upon SW such that I ihc id of B = ' groups-2 "> then 

type 10. PGA- 2 = call FIND-SPECIFIC- ARRAY-PROC ("groups-2". panel, win): 
if PSA exists then 

il" PSA-2 exists ihen , „, 

il there exists a scroll-iext-list ETL such that ulie label of ETL = "|PNl-|iypo<)|-|type I |-|iype.>1-|iype4|-ETL ) ihen 

•jo to final-rouiiiic 
else 

ETL. TX2 = call MERGE-BR-L< )CATION-STRL'CTL'RE-STRUCTL'RE-PR(X: (the symbol subuiut. 
the symbol suhunit. typeO. type I . typo. iype4. PETL. PSA. PSA-2. panel, win): 

ETL. TN2 = call MF.RGH-BR-LOCATION-STRUCTURE-PROC ithe symbol subunii. typeO. ivpel . (ype.v 
PETL. PSA. panel, win): 

else 

if PDA exists then 

if PDA-2 exists then , , , _ .. . 

if there cxisis a scroll-iexi-list ETL such ihui uhe label of ETL = "| PN|-|iypeO|-|typcl |-|iype>|-|i>TH.-h|-FTL ) Hum 
co lo final-routine 
else 

ETL TX2 = call MERGE-BR-L(JCATI()N-STRUCTL , RE-STRL I CTURE-PR< )C (the symbol domain, 
the svmtxM domain. ivpcO. tvpe I. ivpe:'. typcf>. PETL. PDA. PDA-2. panel, wini .• 
else ' ' '• ' : 

if PMA exists then - , , 

if there exists a scroll-lcxi-lisi ETL such thai uhe label of ETL = "|PN|-|typeiH-|typel |-|lypc:>|-|iype ' l-HTL ) ilien 

ao lo final-routine 

L HTL. TX2 = call MERGE-BR-LOCATK iN-STRl'CTURH-STRL'CTL'RF.-PROC uhe >ymlvl domain, 
tlie svmK.I moiif. typeO. type!, lypc?. iypc7. PETL. PDA. PMA. panel, win) 

else 

" .1 ilww cxtsis j" croll-tcxi-lisi ETL such thai (the label of ETL = "|PN]-!iypet)|-|i>pel l-liype5HtMx.yi-F.TL ") ihen 
20 to final-routine 

""ETL. TX2 = call MERGE-BR-LDCATION-STRUCTL'RE STRLCTURF.-PRDC lUte symbol domain. 

the symbol croup. typeO. type I. type.V iypc9. PETL. PDA. PGA. panel, win) 
end else 

ETL. TX2 = call MF.RGF.-BR-LOCATION STRUCTL'RE-PROC (the symbol domain. typeU. typel. iype\ 
PETL* PDA. panel, win i. 

else 

if PMA exists then 

" i) N |here exists a^Toll-icxt-list ETL such ihai uhe label of ETL = "! PN |-| iype()|-| ivpe 1 1-| type* |-|i> T eS|-F.TL" ; men 
•jo to final-routine 



%TL. TX2 = call MERGF.-BR-H)CATION-STRL , CTL , RE-STRUCTL'RE-PR<X" uhe symbol moiif. 
ihe svnihol moiif. typct). ivpe 1. type/. lypeK. PETL. PMA. PMA-2. panel, win 

else 



continue 
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TABLE cont. 



if PGA exists then 

if there exists a scroll-iexi-list ETL such thai tthe label of ETL = "IPNHiypeOI-lypcl |-[t>Tw7|-|i>'pe9|-ETL ") then 

go to final-routine 
else 

F.TL TX2 = call MERGE-BR-LOCATION-STRUCTURE- STRUCTURE-PR OC (the symbol motif, 
the symbol croup. typeO. typel. typo7. t\pe9. PETL PMA. PGA. panel, win) 

else 

KTL. TX2 = Call MERGE-BR-LOCATION-STRUCTURE-PROC I the symbol motif. typeO. type 1. iype7. 
HETL. PMA. panel, wini: 

else 

if PGA exists then 
if PGA-2 exists then 

if there exist* a scroll-texi-lisi ETL such that tthe label of ETL = "IPNHiypeOHlypel l-|t\pe9J-|i\pe 101-ETL"! then 
so to Anal-routine 
else 

ETL. TX2 = wall MERGE-BR-LOCATION-STRUCTURE-STRUCTURE-PROC (the symbol croup, 
the svmbol croup, tvpel). tvpel. tvpe9. ivpelO. PETL. PGA. PGA-2. panel, wini 

else 

ETL. TX2 =Call MERGE-BR-L(CATION-STRUCTURE-PROC tilie svmbol croup. tvpeO. tvpel. tvpe9. 
PETL. PGA. panel, win), 
return ETL. TX2. 
final-routine: 
.-eium KTL. TX2: 



TABLE 1M 



MERGf.-BR-L()CATI()N-STIiUCTURE-PRt)C ttacl: symbol, type*): symbol, tvpel: symbol, type}: symbol. 
PETL: class scroll-texi-lisi. QA: class query-array, panel: class query-panel, win : class window) a ... 
(class scroll-texi-Iisi. text) 

PN: symbol = the name ol panel: 

BRN: symbol = the related-ttem of panel: 

if there exists a c-scroll-iexi-list ETL such that uhc label of ETL = 'lPNM-|typcO]-|iypel )-|iypc3]-ETL"l ihcn 
co to exit-routine 
else 

create a w-scrotl-text-list ETL: 

conclude Hut the label of ETL = "|PN|-|iypcO|.|typcl |-Itypc3]-ETL": 
(conclude thai ETL is a-list-a-v*tciaied-k»-dle panel:) 
transfer ETL to the suhworkspace of sufc-honie-for-lisis at (5*>. -245 1. 
( TX2 = the scroll-title of ETL: | 

if the number of elements in PETL = 0 llien TX2 = capitalize- wonk ( There are no structures defined in this 
nudulc thai are |>ypeU| of (BRN | and located in the | type 1 1") : 

else 

if lite arruy-lencih of (JA = 0 then 

if type.* = symbol ("lyi-ltacl ]-sclection"i then 

T\2 = capnaliM-worJs ("Entities with structures defined in this module that are |typeO] of |BRN] and 
located in the (tvpel p 

else 

TX2 = capitahrc- words ("Entities with structures defined in this module that are |iypeO| of | BRN | and 

contancd in the liypel | . None of those contain |typc3J"): 
for T 1 = each text in PETL do 
insert T I at the end of the text list ETL: 
else 

TX2 = capitalizc-words ("Entities that are |typcO| of |BRN] and located in the |iypel | that contain tiype3| "V. 
for T I «s each text in PETL do 
for S2 = each symbol in (JA do 

if Tl «= "I SI r then insert T 1 at the end of the text lisi ETL: 
return ETL. TX2: 
exit-routine: 
TX2 a the scroll-iiile of ETL: 
.-eium ETL. TX2: 
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TABLE 165 



MERGE-BR-L<)CATlON-STRUCTURE-STRUCTlJRE-PR<>C itagl: symbol. tae2: symbol, typed, symbol, type I: 
symbol. type4: symbol, rype.v symbol. PETL: class scroll-tcxt-lisi. QA1: class query-array. QA2: class query -array, 
panel: class query-panel, win : class window ) = (class scroll-text-liSL text i 
BRN: symbol = symbol (ihc related-item of panel): 
PN: svmbol = the name of panel . 

if there exists a c-scroll-iexi-lisi ETL such mat (the label ol" ETL = "|PN|-|iypeO|-|iyiv I |-|iypc4|-tiype51-ETL") then 
co to exit-rouiine 

else 

create a c-scroll-iexi-lisi ETL: 

conclude thai the label of ETL = ~|PN|-[iypcO|-|[ype I ]-|iype4)-|iype5)-ETL": 
conclude that ETL is a-list-associaied-io-dlg panel: 
transfer ETL toihe subworkspacc ol sale-home-ior-hsis at (50. -245 1: 
TX2 = the scroll-title of ETL: 
if the array-length of QA 1 = 0 then 
u the arrav-leneth of U A2 = ( i then 
if rype5 = svmbol ( "no-liac2|-selection"1 and type4 = symbol ( "niHiacll-seleciion") then 
TX2 = capitalize-words ("Entities with structures defined in this module that are [typcO) of I BRN) and 
located in the |typel]*> 

else 

if ivpe5 = svmbol ("iuv|tac2|-selection 1 then 

TX2 = capitalize- words rEntities with structures denned in this module that are |rype(>| of |BRN| and 
located in the [ivpe 1 1. None contain (type4|" ) 

else 

if ivpe4 = svmbol ( "no-|tael ]-seleciioif ) then 

TX2 = capitalize-words ("Entities with structures defined in this module that are ItypeOI of IBRN'l and ! 
located in the Itvpe'l contain |ivpe5p 

else 

TX2 = capitalize-words ("Entities with structures defined in this module ihat are | typed I ol |BRN| and 
located in the I type 1 1" >: 
for T = each text in PETL do 
insert T ai the end of the text list ETL: 
else if the array •length of Q A2 >= 0 then 

if ivrvJ = svmbol ("no-liaeli-seleciion") men 

TX2 = capitalize-words ("Entities with structures defined in this module that are |i>t»oO | of |BRN| and 
located in the |ivpc 1 1 that contain |ivpe- s i" » 

else 

_TX2 = capitalize-words ("Entities with structures defined in this module that are ItypeOI ol |BRN| and 

located in the [iypel| that contain |typc5l None was found also containing |tyne4|"l: 
for T = each text in PETL do 
for S2 = each svmbol in (M2 do 
ifT = "[S2|" ihen 

insert T at the end of the text list ETL: 
else if die array-length oi OA I >= then 
u the array-length of (JA2 = 0 then 
n tvpe5 = svmbol ( ' no-| tag2 |-selection" ) then 

TX2 = capitalize-words ("Entities with structures defined in this module that are |iypeO| oi [BRN] :md 
Kvated in the |t\pe 1 1 that contain |iype4|"i 

else 

TX2 = capitalize-* ords ( Entities w ith structures defined in this module thai are |iypcO| ol | BRN] and 

located in the I type 1 1 that contain [type4]. None was found also containing |type5|"): 
for T = each text in PETL do 
for SI = each svmbol in (JA1 do 
if T = "ISir then 
insert T at the end of the text list ETL: 
else if the arrav-leneth of QA2 >= 0 then 
TX2 = capitalize-words ("Entities with structures defined in this module that are hypeOJ ol |BRN| and 

located in the [type 1 1 that contain |iype4| and |type5]"i: 
lor T = each text in PETL do 
for Si = each svmbol in QA1 do 
uT = "|Sl)'ihen 
for S2 = each svmbol in QA2 Uo 
ifT="|S2]" then 

insen T at the end of the text list ETL . 
return ETL. TX2: 
exit-rouune: 
TX2 = the icroll-tiile of ETL: 
retum ETL. TX2: 
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TABLE 166 

QL'ERY-BR-FUN'CTlON-STRL'CTURE-LISTS-PRtX: ;;ypc<): symbol. iypc2: symbol. PETL: class scroli-iext-lisL. 

panel: class query-paid, win : class window i = (class scroll-tcxi-lisi. text) 

PN: symbol = the name o! panel: 

SW: class kh-workspace = the suhworkspace of panel: 

if there exists a radio-button B upon SW such that (the id of B = "subuniis") then 

ivpe.V PSA = call FIND-SPECIFIC-ARRAY-PROC ("subuniis". panel, wini: 
ii "there exists a radio-button B upon SW such thai I the id of B = "subuntis-2") then 

tvpc4. PSA-2 = call FIN D-S PECIF1C- ARRA Y -PROC <"subuims-2\ panel, win): 
if there exists a radio-bunon B upon SW such thai (the id of B = "domains" > ihen 

tvpe.v PDA = call FIND-SPEC1FIC-ARRA Y-PR( )C ("domains", panel, win): 
if (here exists a radio-bunon B upon SW such thai (the id of B = "domains-2") then 

ivpe6. PDA-2 = call FIND-SPECIFIC-ARRAY-PR(X: ("domains-2". panel, win): 
it there exists a radio-bunon B upon S W such ihat (die id of B = "moiifs") then 

tvpe7. PMA = call FIND-SPECIFIC-ARRAY-PROC ("motifs", panel, wini: 
if there exists a radio-button B upon SW such that (ihe id of B = ~motifs-2") then 

tvpeK. PMA-2 = call FIND-SPECIFIC-ARRAY-PROC {"moufs-2". panel, win): 
if "there exists a radio-button B upon SW such thai (the id of B = "groups") then 

tvpey. PGA = call FIND-SPECIFIC-ARRAY-PROC ("croups", panel, win): 
if there exists a radio-button B upon SW such that (the id of B = "croups-2") then 

type I (I. PGA-2 = call FIND-SPECIFIC-ARRAY-PROC ("croups-2". panel, win): 
if PSA exists then 
ii PSA-2 exists then 

if there exists a c-scroll-texi-list ETL such thai (the label of ETL = ''|PN>[t\TX'3|-liypc4]-ETL") then 
co to final-rouunc 
else 

ETL. TX2 = call C-MERGE-BR-FL'NCTK )N-STRL'CTURE-STRL ! CTURE-PROC (the symbol subunit. the 
symbol subunit. typeO. iype2. iype3. type4. PETL. PSA. PSA-2. ETL. panel, win): 
else 

ETL. TX2 - call C-MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol subunit. ivpeO. typel type*- 
PETL. PSA. ETL. panel, wini. 
else 

it PDA exists then 
' if PDA-2 exists then 

if there exists a c-scroll-icxi-lisi ETL such that (the label of ETL = "|PNJ-|t>pe5]-|type61-ETL") then 
co to final-routine 
else 

ETL. TX2 = call C-MERGE-BR-R'NCri()N-STRUCTL!RE-STRUCTURE-PR()C (the symbol domain, the 
symbol domain. ivpeO. type2. typc5. lypeft. PETL. PDA. PDA-2. ETL. panel, win) 
else 

if PMA exists then 

if there exists a c-scroll-iexi-list ETL such mat (the label of ETL = "|PN]-|i>pe5|-|iyrv7|-ETL"i then 
co to final-routine 

L ETL. TX2 = call MERGE-BR-FUNCTK )N-STRUCTURE-STRUCTURE-PROC (the symbol domant. the 
symbol motif, typed. type2. type.v iypc7. HETL. PDA. PMA. ETL. panel, win) 
else 

it PGA exists then 

ii there exists a c-scroll-texi-list ETL such that ithe label of ETL - "[PN|-lt>Tv5|-liype«l-ETL"» then 

co to final-rouiine 
else 

ETL. TX2 = call C-MERGE-BR-FWCT10N-STRUCTURE-STRUCTURE-PR<X: (the symbol domain, the 
svmbol croup, tvpdl. lvpe2. tvpe5. tvpe9. PETL. PDA. PGA. ETL. panel, win) 
else* 

ETL. TX2 = call C-MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol domain, typed, type-. iype>. 
PETL PDA. ETL. panel, win): 
else 

if PMA exists then 
if PMA-2 exists then 

if there exists a c-scroll-iexi-lisi ETL such that (the label of ETL = "|PN|-li>-pc7|-|iypcS|-ETL"i then 
co to final-routine 
else 

ETL. TX2 = call C-M6RGE-BR-FUNCTI<)N-STRUCTURE-STRUCTURE-PROC(ihe symbol mom. me 
svmhol motif. ivpeO. tvpe2. tvpe7. tvpc.X. PETL. PMA. PMA-2. ETL. panei. win. 
else 

continue 
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TABLE 166 com. 

il' PGA exists then 

it there exists a c-scroll-iext-lisi ETL such thai tihe label of ETL = "|PN|-livpe7|-li>Tv9|-ETL ) then 
co to final-routine 

ETL TX2 = call C-MERCE-BR-FWCTl()N-STRUCTL'RE-STRUCTURE-PROC (ihe symbol motif. 

the svmbol croup. ivpcO. tvpe2. ivpe7. tvpe9. PETL. PMA. PGA. ETL. panel, wtn) 

else " , 

ETL. TX2 = Call C-MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol mout'. ypeO. type2. type;. 

PETL. PMA. ETL panel, win r. 

else 

il" PGA exists (hen 
il' PGA-2 exists then 

il there exists a c-scroll-iext-lisi ETL such thai i the label of ETL = "I PNHtype9Miype 1 0)-ETL" I then 
co to final-routine 

^ ETL. TX2 = call C-MERGE-BK-r^'CTI<>N-STRUCTURE-STRUCTURE-PR()C (the symbol croup, 
the symbol croup. lypeO. iype2. iype9. type in. PETL. PGA. PGA-2. ETL. panel, wini 

1 ETL. TX2 =Call C-MERGE-BR-FUNCTK)N-STRUCTURE-PROC (the symbol croup. typcO. type 2. 
tvpe°. PETL. PGA. ETL panel, win): 
return ETL. TX2: 
final-routine: 
return ETL. TX2: 



TABLE 167 



OUERY-BR-LOCATION-FUNCTH )N-STUL'CTURE-LISTS-PROC tiypeO: symbol, type I: symbol. iype2: 
symbol. PETL: class scroll-tcxi-list. panel: class i|uerv -panel, win : class window i = (class scroll-iexi-lisi. text) 
BRN: symbol = symbol (the related-item of panel i. 
PN: symbol = the name of panel: 
SW: class kb-workspace = the subworkspace of panel: 
if the number of elements in PETL = 0 then 

TX2 = capualize-words (There are mi entities with structures defined in this module that are |iypeO| oi |BRN] 
and located in the |tvpel 1"'> 

else 

if there exists a radio-button B upon SW such tltat i the id of B = "subunit.-. ) then 
tvpe.V PSA = call FIN D-SPEC1F1C- ARRAY-PRC KT ("subunhs". panel, win) 
eise 

if there exists a radio-bulton B upon SW such that (the id of B - "suhuniis-2") then 
iypc4. PSA-2 = call FIND-SPECIFIC-ARRAY-PROC ( "subuniis-2 . panel, win) 
else 

if there exists a r;idio-bution B upon SW' such that iihe id of B = "domains ') then 
ivpe.v PDA = call FIND-SPECIFIC-ARRAY-PROC ("domains , panel, win) 
else 

if there exists a radio-buiion B upon SW such thai (the id of B = *dom:uns-2 ') then 
tvpefr. PDA-2 = c;dl FIND-SPECIFIC-ARRAY-PROC i"domains-2". panel, wini 
else 

if ihere exists a radio-buiion B upon SW such thai (the id of B = "motiis") then 
I\pe7. PMA = call FIND-SPECIFIC-ARRAY-PROC ("motifs", panel, win ■ 
else 

if mere exists a radio-button B upon SW such thai (the id of B = ' motus-2' ) then 
typeS. PMA-2 = call FIND-SPECIFIC-ARRAY-PROC Cmotifs-2 ". panel, win), 
else 

if there exisis a radio-button B upon SW such thai (the id of B = "croups' > then 
ivpeV. PGA = call FIND-SPECIFIC-ARRAY-PROC ("croups '. panel, win) 
else 

if there exists a radio-button B upon SW such that (the id of B = croups-2 ) then 
type 10. PGA-2 = call FIND-SPECIFIC-ARRAY-PROC ( croups-2 ". panel, wini: 
if PSA exists then 
if PSA-2 exists then 
if there exisis a scroll-tcxi-lisi ETL such thai (the label of ETL = 
"|PN|-|typeO|-|iypel |-|iype21-|iype^|-|iyp l -4|-ETL") then 
co to final -routine 
else 

ETL TX2 = call MERGE-BR-U >CAT1( )N-FUNCTK )N-STRUCTURE-STRUCTL'RE-PR( KT ( the symbol 
subunit. lite svmbol subumi. tvpell. ivpel. type2. lype.v type4. PETL. PSA. PSA-2. panel, umi. 

else 

ETL. TX2 = call MERGE-BR-L< )CATI( )N-FUNCT1< )N-STKUCTURE-PR( )C the symbol subunit. 
(ivpeO. ivpel. I\pe2. ivpe.v PETL. PSA. panel, wine — 
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else 

it PDA exists ihen 
if PDA-2 exists then 
if there exists a scroll-iexi-list ETL such that (the label of ETL = 
"|PN]-|type(l|-|iyr« 1 1-( i>T»-*2 ]- f i>T«.*5 1-( i\-pe6l-ETL" ) then 
co to final-routine 
else 

ETL. TX2 = call NfERGE-BR-L(CAT10N-FUNCTl()N-STRUCTtJRE-STRL'CTL'RE-PW)C (the symbol 
domain, the svmbol domain. tvpeO. ivpel. tvpc2. tvpe5. ivpc6. PETL. PDA. PUA-2. panel, win) 

else 

if PMA exists then 
if there exists a scroll-iexi-list ETL such that iihe label of ETL = 
"I PN | - 1 lypcO I- 1 type 1 Htype2|-ltype51-|iype7|-ETL") then 
co to final-routine 
else 

ETL. TX2 = call NIERGE-BR-L()CATI()N-FUNCmON-STRUCTURE-STRUCTURE-PRf)C (the symbol 
domain, the svmbol motif. tvpeO. ivpel. tvpe2. tvpe5. ivpe7. PETL. PDA. PMA. panel, win I 

else 

if PGA exists then 
if there exists a scroll-iexi-list ETL such that iihe label of ETL - 
"lPN]-|iype«l-|iypel l-|type2]-|typc5|-|iyiwy!-ETL") then 
eo to final-routine 

else 

ETL. TX2 = call MERGE-BR-H )CAT1()N-FLWCTI<)^STRUCTURE-STRUCTL'RE-PR(K: (the symbol 
domain, the symbol group. typed, type I. iype2. type>- i>pe4. PETL. PDA. PGA. panel, wim 

else 

ETL. TX2 = call MERGE-BR-LOCATION-FUNCTION-STRUCTURE-PROC (the symbol domain. 
typeO. type 1 • 'VP*-'-- 'yp^- PETL. PDA. panel, win): 

end 
else 

if PMA exists then 
if PMA-2 exists then 
if there exists a scroll-iexi-list ETL such that line label of ETL = 
"|PNHiypeO|-ltypel |-|iyjv21-|type7]-|lypeS]-ETL") then 
eo to final-routine 
else 

ETL. TX2 = call N1ERGE-BR-L()CATI()N-FUNCri()N-mUCTURE-STRUCTURE-PR()C (the symbol 
motif, ihe svmbol motif. tvpeO. ivpel. tvpe2. tvpe7. tvpeS. PETL. PMA. PMA-2. panel, wmt 

else 

if PGA exists then 
if Uiere exists a scroll-iexi-list ETL such that (the label of ETL = 
|PN|-jtype(l|-|iypel |-|type21Mi>T^71-liypey|-ETL") then 
eo to nnal-rouune 
efse 

ETL. TX2 = call MERGE-BR-L( )CATI()N-FL^rTI()N-STRUCTURE-STRUCTURE-PK( >C nhe symbol 
mouf. ihe svmtvl croup. tvpeO. ivpel. ivpe2. tvpo7. tvpesJ. PETL. PMA. PGA. panel, wini 

else 

ETL. TX2 = Call MERGE-BR-L( fCATK >N-FUNXTK>N-.Vn<UCTURE-PR< )C iihe symbol motif, typed, 
ivpel. type2. ivpe7. PETL. PMA. panel, win): 

else 

if PGA exists then 
if PGA-2 exists then 
it there exists a scroll-iexi-list ETL such that tihe label of ETL = 
' [PNHiypcOMtypel |-[iypc2|-ltypey|-|iyp«;10|-ETL") ihen 
co io final-routine 
else 

ETL. TX2 = call XIERGE-BR-L()CAT1()N-FL^CTI(}N-STRL'CTURE-STRUCTURE-PR(X: nhe symbol 
croup. ihe svmbol croup, ivpel). tvpel. tvpe2. tvpev. tvpelO. PETL. PGA. PGA-2. panel, wim 

else 

ETL. TX2 =Call C-MERGE-BR-L<)CAT1()N^FUNCTI{)N-STRUCTURE-PR(X: (the symbol croup, typed, 
tvpe 1. tvpe2. ivpe'J. PETL. PGA. pane), wmi: 
reiuni ETL. TX2: 
linal-rouune: 
TX2 = the scroll-title of ETL: 
return ETL. TX2: 
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MERGE-BR-UXrATION-FL'NCTlON-STRL'CTL'PvEPROC symbol. typeO: symbol, type I : 
svmbol. ivpo2: svmbol. lyre?: symbol. PETL: class scroll-icxi-iisi. QA: class query-array, panel: class 
query-pane!, win : class window > = (class scroll-iexi-list. text) 

PN: symbol = the name of pane!: 
BRN: symbol = the related-item of panel: 
ETL: class c-scroll-texi-lisi: 
ir there exists a c-scroll-texi-lisi ETL such that (ihe label of ETL = 
"IPNMiypcOHtypcl l-liype2|-li>-pe?]-ETL"l then 
co to exit-rouune 
else 

create a c-scroll-iext-lisi fc. IL: 

conclude thai the label of ETL = "|PNl-|i\pe01-|iype' Hiypc2Hiype31-ETL": 
conclude that ETL is a-list-associated-to-dls panel: 
transfer ETL to the suhworkspace of safc-homc-for-lisis at (50. -245): 
TX2 = die scroll-title of ETL: 
if the number of elements in PETL >= 0 ihen 
if thearrav-leneihofQA>0 then .... 
TX2 = capiiali/.c-words ( "liyr«2l thai arc |iypeO| of |BRN) and located in the |iypc I ) thai contain 

|tyne?P: 
lor Tl = each lext in PETL tt«> 
for S2 = each svmhol in QA do 
ifTl = "!S21"then 

iascrt Tl at the end of die text list ETL: 

else 

if ivpe? = svmbol ("no-|tacl |-scleciion") dien 

TX2 = capitalize-words ("|type2] with structures defined in this module thai are [type()| ol |BRN | 
and located in the |iypeli"> 

else 

TX2 = capitalize-words ("llype21 with structures defined in this module that are hypeO) of |BRN'l 

and contained in the | type 1 1 . None of those contain |type?)" I: 
for T I = each text in PETL do 
insert T 1 at ihe end of the text list ETL: 
return ETL. TX2: 
exit-routine: 
TX2 = the scroll-tide of ETL: 
return ETL. TX2: 



TABLE 169 



MERGE-BR-LOCATION-FL'NCTI()N-STRUCTURE-STRUCTURE-PR()C (lagl. symbol. u.y2: 

svmbol. , ___ . .. . 

typeO: symbol, tvpel: svmbol. type2: symbol. typc4: symbol, lypev symbol. PETL: class scroll-icxi-lisi. 
QA1: class query-array! QA2: class query-array. panei: class query-panel, win : class w indow) = (class 
scroll-iexi-list. texti 

BRN: symbol = symbol (the rclaicd-iiem of panel): 
PN: svmbol = ihe name of panel: 
if there exists a c-scroll-tcxt-list ETL such that (the libel of ETL = 
MPN|-|l\T>cO|-li\Tn. , MMi>T<2)-[iyrH:^IM<>T«- , 51-ETL") then 
co locxii-routine 
else 

create a c-scroll-text-lisi ETL: 
conclude that ihe label of ETL = 

"|PN|-|i>TnH)|-|i>Tel]-|iyT^IMi>T«-*l-li>T'-'- s 1-ETL''* 
conclude that ETL is a-list-associaied-io-dle panel: 
transfer ETL to the suhworkspace of sale-ltome-lor-lisls at (50. -245 ): 
TX2 = the saoll-iiile of ETL: . — 

continue 
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if ihe array-length of QA I = 0 then 
ifme;uTav-lencthofQA2 = 0ihen _ 
if tvpc5 = svmbol ("mv|uic2]-seleciion") and typc4 = symbol f "no-[tae 1 ]-selccuon > then 
TX2 = capitalizc-words t"[typc2] with structures defined in this module that arc [lypcO] of [BRN1 
and located in the | type 1 1" ) 

else 

if iype5 = svmhol ("no-|tac2)-scleciit>n") then 

TX2 - canitalize-words ("|t>pc2| with structures defined in this module that are liypcO] of 
[BRNJ and located in the |lypell- None contain ltype4p 

else 

if ivne4 = svmhol ("no-lug • 1-sclection") then 

TX2 = capiiaii/e-words l"|t>-pc2] with structures defined in this module that arc UypcO| of 
(BRN) and located in the liypel] contain [typol") 

else 

TX2 = capiialize-words <"|t\pe2] with structures defined in this module that are liypcO] of [BRN] 
and located in the liypc 1 1" ): 
for T = each text in PETL do 
insert T at the end of the text list ETL: 
else if the array-length of QA2 >= 0 then 

if tvpc4 = svmhol l "imv| uc 1 1-selcction") then 

TX2 = capiiali/e-words C|iype2| with structures defined in this module that are liypcO] of |BRN1 
and located in the [lypel ] that contain Uype5J"j 

else 

TX2 = capitalizc-words C"[t\Tc2| with structures defined in this module thai are [typeO] of |BRN| 

and located in the jtypot | dial contain |type5J. None was found also containing |t\pe4p: 
for T = each text in PETL do 
for S2 = each svmbol in QA2 do 
ifT = -[S21" ihen 

insert T at the end of the text list ETL: 
else if the array-length of QA I >= 0 then 
if uu- array-length of QA2 =Oihen 
if ivpe5 = svmK»l ri*v[ttg2]-scleciion") then ' 
TX2 = capitalizc-words ("[<>T*2] with structures defined in this module that are |iypeO| ol I BRN J 
and located in the (type I ] that contain |t\pc4]" ) 

else 

TX2 = capitalize-words ("fi>-pc2| with structures defined in this module that are (typcO| of [BRN| 

and located in the | type 1 1 dial contain |type-H None was lound also containing MypeSJ" l. 
for T = each text in PETL do 
lor SI = each svmbol in QA1 do 
in = "|S If ihen 
insert T at the end of the text list ETL: 
else if the arrav-lencth of Q A2 >= 0 then „ 
TX2 = capiutlize-words <"[type2] with structures defined in this module that are |typc(>| ol J BRN | 

and located in the [type 1 1 that contain ltype4] and |typc5]" ': 
for T = each text in PETL do 
for SI = each svmbol in QAI do 
if T = "[SI]" then 
for S2 = each svmbol in QA2 do 
ifT = "[S2rihen 

insert T at the end of the text list ETL: 
return ETL.TX2: 
exit-routine: 

TX2 = the scroll-title of ETL: 
return ETL. TX2: 
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an user -menu-choice 

Label lisi-copies 
Applicable class complcx-hiocniiiy 
Condition the item has a name 

Action sian ET-L1ST-COPES-CALLBACK (the uem. this window) 

ET-LIST-LOCAL-COPIES-CALLBACK (ET: class complex-hiocmity. win : class windowi 
EN: symbol = ihc name ol" ET: 
n: intecer = 0: 

create a message-dialog md. sci the text of ihe message upon die SW oi md lo Processing 

and show die SW of md on ihe current window ai lU. 0): 
if there exists a scroll-texi-Hsi that is the-copies-lisi-of ET then 

lor CEL = each scroll-text-list that is ihc-copies-Iist-of ET do 

delete CEL: 
create a scroll-texi-list CEL: 
conclude that CEL is THE-COPIES-LIST-OF ET: 
transfer CEL to the suhworkspace of safc-home-for-lists at (55. 15 1: 
call LIST-L()CAL-BIOEKTm -COPIES-PROC (ET. CEL. win>: 
if the numher of elements in CEL = 0 then 

go to exit-routine 
efse 

create a uuerv-pancl panel by cloning MA STER -L( )C A L- B IOENTITY -COPIES-PANEL: 
tiansier panel to the suhworkspace of dialog-bin at 10. 0); 
SW - the suhworkspace of panel: 
make panel permanent: 
create a panel -text FT. 

chance the text of FT to "COPIES OF: [EN)": 
transfer FT 10 SW ai (0. 80); 

sa = call create-scroll-area-from-list ( "ET-copies-scroir. 5. CEL i: 
conclude thai die allow-unseleci-on-scleeied-message of sa is true: 
conclude Dial Ihe allow-muHiple-simullancous-sclcciions of sa is ime: 
call add-crobi-to-diaU>g( panel, sa. 0. -30); 
call scrolf-area-rellect (sai: 

call set-aitributet S A. ihe symbol uil-mcssace-selection-meihoil. 

the svmbol ET-COPES-MESS AGE-SELECTION-CALLBACK i: ' 
call uil-set-aiu-ibuietSA. the svmbol uil-messagc-unseleciion-methixl. 

the svmhol ET-COPES-MESSAGE-UNSELECTION-CALLBACK i: • " • 

de ~ call create-pushbution Cde '. the symbol text, ihe symbol DELETE-QUERY-PANEL-CALLBACK. 

the symbol medium. "DELETE"); . „ 

call add'-grobi-io-dialoetpanel. de. 0. -145): 
chance ihe size of the suhworkspace of panel to minimum; 

show" ihe suhworkspace of panel on win with its center 200 units to ihe left of ihe center of the screen: 
delete md: 
return: 
exii--rouiine: 

delete md: . 
create a message-dialog md. set the text of the message upon ihe SW oi md to. There are no copies ol: 1EN| 

and show the SW of md on the current w indow at (0. 0); 
return. 



TABLE 172 



ET-COPIES-MESSAGE-SELECTION-CALLBACK (MO: class message -object. SA: class scroll -area, win: ci;i>> 
window i 
BRN: symbol: 
T: text = the text of MO: 
if there exisis a bioemuv EN such that ( the id of EN = T) then 
show EN on win with its center 300 units to ihe rtghi of the center ol 
ihe screen : 



ET-COPIES-MESSAGE-UNSELECTION-CALLBACK (MO: class niessace-obieci. SA: class scroll-area, win: 
class window i 
T: text = ihc text of MO: 

if there exists a bioennty EN such that i the id of EN = Ti then 

hide uie workspace of EN on win: — 
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LIST-L(XTAL-BIOENTITY-COPIES-PR(X: (ET: class bioentity. CEL: 
class scroil-text-lisi. win: class window) 

EN: svmbol = ihc name of ET: 
CL = ihe class of ET. 
it" ET is a PROTEIN then 
if there exists a protein CE that is of ihe class named by CL such lhat 
i the text of the masicr-hioemity of CE - "fEN|" > then 
for CE = each protein that is of the class named by CL do 
if the text of the master-bioemity of CE = "|ENJ" then 
insert "(the id of CE]" at the end of the text list CEL: else 
if ET is a PROTEIN-MOTIF then 
if there exists a protein-motif CE thai is of the class named by CL such 
thai (the text of die masier-bioentity of CE = "[EN]" ) then 
for CE = each protein-motif that is of the class named by CL do 
if the text of the masier-bioentity of CE = "|EN]" then 
insert "| the id of CE]" at the end of ihe text list CEL: else 
if ET is a PROTEIN-DOMAIN then 
if there exists a proiein-domain CE that is of the class named by CL such 
that ( the text of the master-bioeniity of CE = "f EN]" ) then 
for CE = each proiein-domain that is of the class named by CL do 
if the text of ihc master-bioentity of CE = "[EN]" then 
iasen "[the id of CE1" at the end of the text list CEL: else 
if ET is a PROTEIN-COMPONENT then 
if there exists a protein-component CE lhat is of the class named by CL 

such thai (the text of the master-hiocmity of CE = "[EN]" ) then 
for CE - each protein-component that is of the class named by CL do 
if the text of ihe master-biocntity of CE = "[EN]" then 
insert "lihe id of CE]" at the end of the text list CEL: else 
if ET is a DNA-COM W )NENT then 
if there exists a dna-componcni CE thai is of the class named by CL such 
that ( the text of the masier-bioentity of CE = "[EN]" ) then 
for CE = each dna-coinponent lhat is of the class named by CL do 
if the text of die masier-bioentiiy of CE = "[EN]" then 
insert "(ihc id of CE]" at the end of the text list CEL: else 
ifETisa HETER.MOL.COMPLEX then 
if there exists a hcier.mol .complex CE that is of the class named by CL 

such that <the text of the masier-bioentity of CE = "IENJ" > then 
for CE = each heter.mol.complex that is of the class named by CL do 
if the text of the masier-bioentity of CE = "|EN|" then 
iasen "(the id of CE]" at the end of the text list CEL: else 
if ET is a NUCLEIC- ACID then 
if there exists a nucleic-acid CE that is of the class named by CL such 
that <Uic text of the masier-bioentity of CE = "[EN]" ) then 
for CE = each nucleic-acid llvu is of ihe class named by CL do 
if the text of the master-bHwrniiy of CE = "[EN]" then 
insert "|the id of CE]" at the end of the text list CEL: else 
if ET is a MEMBRANE then 
if there exists a membrane CE that is of the class named by CL such that 
(the text of ihe master-hioeniity of CE = "[EN]" ) then 
for CE = each membrane lhat is of the class named by CL do 
if ihe text of the masier-bioentity of CE = "| EN]" then 
insert "(the id of CE]" at the end of the text list CEL: else 
if ET is a BIOENTITY then 
if there exists a bioentity CE that is of the class named by CL such lhat 
i the text of the master-hiocmiiy of CE = "(EN]" > then 
for CE = each bioentity thai is of the class named by CL do 
if the text of die masier-bioentity of CE = "(EN1" then 
insert "(the id of CE]" at the end of the text list CEL: 
return: 
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an user-menu-choicc 
Label show-lists 
Applicable class hiorcscrvoir 

Condition the hr-chainins-tracer upon ihe subworkspacc of ihc item cxiis 

Action stan BR-CHA"iN1NG-PROC (ihe item, dus window) 



BR-CHAIN'ING-PROC (BR: class biorescrvoir. win: class window) 
tracer: = ihe br-chainitic-traccr upon the subworkspacc of BR: 
if ihc subworkspacc of tracer exists then 
show ilie subworkspacc o I tracer on Win with its center 400 units to the right of 
the center ol" the screen 

else 

if BR has a name then co to chainina-rouune 
else if the masicr-biorescrvoir of BR is not none then 
BR = the biorescrvoir named by the mastcr-bioreservoir of BR: 
go to chaining-routine: 
else return: 
chaining-routine: 

create a workspace SW by cloning the subworkspacc ol BR-CHAINING-LISTS : 
make SW the subworkspacc of tracer: 

change the text ol the panel-text upon SW to "Lists of bioRescrvoirs and bioProccsses 

Downstream and Upstream of: |the name of BR]": 
DBPL = the downstrcam-hiopn>ccsscs-lisi upon SW : 
DBRL = the downstrcam-hiorcservoirs-lisi upon SW : 
for DBP = each bioprocess that is a-down-bioproccss-of BR do 

allow other processing: ... . 

insert DBP at the end of the bioprocess list DBPL: 

lor DDBP = each bioprocess that is a-downstrcam-bioproccss-of DBP do 
insert DDBP ai the end of the bioprocess list DBPL: 
for LDDBP = each bioprocess in DBPL do 

for DDBR = each biorescrvoir that is a-down-hiorescrvoir-of LDDBP do 
insert DDBR at the end of the biorescrvoir list DBRL: 
UBPL = die upsircam-bioproccsscs-lisi upon SW : 
UBRL = the upstrcam-biorcscrvoirs-list upon SW : 
for UBP = each bioprocess diat is ait-up-hioproccss-of BR do 

allow other processing: 

insert UBP at the end ol the bioprocess list UBPL: 
lor UUBP=cach biopnx:css dial is an-upsucam-biopnvess-of UBP do 
insert UUBP at the end of the bioprocess list UBPL. 
for LUUBP = each bioprocess in UBPL do 
for UUBR =cach biorescrvoir that is an-up-biorcservoir-of LUUBP do 
insert UUBR at die end of the biorescrvoir list UBRL: 
chance the size of SW to minimum: 

show SW on win widt its center 400 units to die right of ihc center of the screen: 
return: 
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an uscr-nicnu-choice 



Label show-lists 

Applicable class hioproccss 

Condition idte bp-chaiuin«-iracer upon ihc subworkspace of inc item exits 

Action start BP-CHAINING-PROC (ihc item, litis window ) 

BP-CHAINING-PROC (BP: class bioprocess. win: class window ) 
lraccr= the bp-chaining-tracer upon the subworkspace of BP: 
if the subworkspace of tracer exists then 

show the subworkspace of tracer on win with its center 400 units to the right of ihe 

center of die screen 
else 

if BP has a name then go to chaining-routine 
else if the masicr-bioproccssof BP is not none then 

BP = the bioprocess named by the niasicr-bioproccss of BP: 

go to chaining-routine: 
else return: 

^ ^create a workspace SW by cloning the subworkspace of BP-CHA1N1NG-LISTS. 
make SW die subworkspace of tracer: 

chansc the text of the panel-text upon SW to "(the name of BP1": 
DBPL = the downstream-bioproeesscs-lisi upon SW . 
SDBPL = die downsiream-bp-simulaliou-list upon SW : 
DBRL = the downstream-bioreservoirs-list upon SW : 
SDBRL = the downsu-eam-br-simulation-list upon SW -. 
for DBP = each bioprocess that is a-downsu-cam-bioprocess-of BP do 
allow odicr processing: 

insert DBP at ihc end of the bioprocess list DBPL: 

if die status of DBP is downstream-activated or the status of DBP is forw-activaied then 
insert DBP at the end of the bioprocess list SDBPL: 

lor DBR = each biorcservoir that is a-down-biorcscrvoir- of DBP do . , . 

insert DBR at die end of the biorcscrvoir list DBRL: - > -•' 

UBPL = tltc upstrcam-bioprocesscs-lisi upon SW : 
SUBPL = the upstrcam-bp-simulation-list upon SW : 
UBRL = the upsircam-biorescrvoirs-list upon SW -. 
SL'BRL = die upstrcam-br-simulation-lisi upon SW : 
lor UBP = each bioprocess that is an-upsucam-bioprocess-of BP do 

allow odicr processing: 

insert UBP at the end of ihc bioprocess list UBPL: 

if die siaius of UBP is upstrcam-aciivatcd or the status of UBP is back-aciivaied then 

insert UBP at ihc end of die bioprocess list SUBPL: 
for UBR = each bioreservoir that is an-up-biorcservoir-of UBP do 

insert UBR ai the end of the biorcscrvoir list UBRL: 
chance die size of SW to minimum: 

show SW on win with its center 400 umis to the right of die center ot inc screen: 
return: 
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an user-menu-choice 
Label up-paihway 
Applicable class bioprocess 

Coiidnion the subworkspace of the item has been activated and ihc subworkspace of 

the up-path-tracer upon the subworkspace of ihc item docs not exist 

Action start DRAW-UP-PaTHWAY-PR(X. uhe up-patn-traccr upon the subworkspace 

of the item, this window > 



DRAW-UP-PATHWAY-PROC (PT: class up-path-tracer. win: class window) 
BP = the bioprocess superior to the workspace of PT; 

if BP has a name and there exists a btoreservoir ihat is an-upbioreservoir-6f BP then 
create a workspace SW by cloning the subworkspace of M ASTfcR -U P- P ATHW A Y . 
make SW ihc subworkspace of PT. 
T = the hiomodel-iiilc upon SW: 

conclude that the label of T = "|ihe label of Tl |uie label of BP)": 

change the status-color icon-color of BP to brown: 

create a bioprocess l.BP by cloning BP: 

make the subworkspace of LBP transient: 

delete the subworkspace of LBP: 

x = the x-pos upon SW: 

y = the y-pos upon SW; 

conclude that x = -.V)5: 

conclude that y = -240: 

transfer LBP to SW at <x. y): 

>how SW at three-quarter scale with its bottom left corner 50 units to the righi of die 

bottom left comer of (he screen: 
for UBP - each hioprocess (hat is an-upstream-hioprocess-of BP do 

allow other pressing: 

change the status-color icon-color of UBP to brown: 
conclude ihat \ = v + 30: 

call CKEATH-LOCAL-UP-BP-PKOC (BP. LBP. SW. win): 
chance the si/c of SW to minimum: 
returr.. 



TABLE 176 



CREATF.-U KTAL-L'P-BP-PROC (BP: class hioprocess. LBP: class hioprocess. SW: class workspace, vein: class window i 
x = ihe x-pos upon SW: y = the y-pos upon SW; 
if there exists a biorcscrvo'ir thai is anup-hiorescrvoir-of BP then 

lor UBR = each hioreservoir tliat is an-up-biorcservoir-of BP do ' • 

if there exists a bioprocess that is an-up-bioprocess-of UBR then 
lor L'BP = each hioprocess that is an-up-bioprocess-of UBR do 
if there exists a bioprocess MBP \t\w\ SW such that Ulie master-hioprocess of MBP = the masier-bioproccss 
of UBP) then LUBP = MBP: 
so to connect -routine: 
else 

conclude thai x = x -»- 1 10: 

i) x > 2600 then show SW at one-quarter scale with us top left comer 50 units below the lop left comer of ihc screen 

else 

if x > ]R00 then show SW at half scale with its u»p left corner 50 units below the top left corner of the screen. 

create a hioprocess LUBP by cloning UBP: 

make Hie subworkspace of LUBP transient; 

delete the subworkspace of LUBP: 

transfer LUBP to SW ai ix. yr. 

I = random (20. 76>: I = random 1 5. 25): 

create a connection connected between LBP newly locating it at lop at the position given by t and LUBP newly I 

i valine it at left at the position given by I with direction input: 
conclude ihat v = v + 30: 

.an CktATt-LoCAL LP BP-PRfiC iUBP. LUBP. SW. wine 

return: 

conneci-routine: 
for C = each connection connected to l.BP do 

if there exists a connection UC connected to LUBP such that ( UC is the >anic object as C i then return, 
h = random 1 20. 7ft): 
r = random <4(). 51 ): 
p = x-rcl-positioii tLBP. LUBP): 
it p > 0 then 

create a connection of class c-linc connected between LBP newly locating it at bottom at Ihc position given by h 

and LUBP newly locating it at right at the position given by r wiih direction input . with vertices 10 else 
if p < 0 then 

create a connection of class c-line connected between l.BP newly locating i< ai right at ilie position given by r 
and LUBP newlv Uicaiing ii ai bottom at the position given by b mill Jucction input : 

/si 
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an user-menu-choice 
Label navie-panel 
Applicable class bioresenoir 

Condition liic item has a name and the subworkspace of the item exists 

Action start CREATE-DIRECTION-PANEL-CALLBACK (the iicni. this window) 



an user-metiu-choice 
Label navic-panei 
Applicable class biopool 

Condition the bioresenoir superior to the workspace of the item has a name 

Action start CREATE-DIRECnON-PANEJ.-CAI.LBACK (the bioresenoir of the biopost 

connected to the item, this window i 



an user-menu-choice 
Label navic-panel 
Applicable class hiorole-obiect 
Condi turn none 

Action start CREATF.-DIRECT10N-PANEL-CALL.BACK (lite ref-bioKsenoir superior 

to the workspace of the item, this window) 



CREATE-DIRECTION-PANEL CALLBACK {BR: class bioreservoir. win: class window) 
BRN: svmbol = the name of BR: 

create a panel hy cloning MASTER-NAVIG-DIRECTION-PANEL: 
transfer panel to the subworkspace of I>1AI .OG-B1N 
SW = the subworkspace of panel: 

call SET-RADIO-B< >X-IDPROC ( navic-directioti". "[BRNI-NAVIG-DIRECTiON-radiobox'. SW. winj: 
create u panel-text FT: 

chance the text of FT to DIRECTION OF NAVIGATION FROM: (BRN]": 

transfer FT lo SW at (0. 1 IOi: 

call shrink-wTap dialoci panel): 

dunce the text of the related-item of panel to "|BRN|": 

show SW on win at (0. 0): 

return: 
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SELECT-DlRECTIf >N-CALLBACK (button: class button, win : class window, die: class dialog) 
BR = the bioresenoir named bv the related-item of die: 

rtvid = call GET-RADIO-BOX-ID-PROC I "naviy-dircction ". the subworkspace of die. win): 
type s call eet-radio-box-value Idle, rb-id'i; . . r , '• 

calldeleie-dialojMdlci: v. 
md = call creaie-messaue-dialoj: t'md". 'Processing .... ".the symbol extra-large, win. 0. ()i: ' 
case ( tvpe) of ' 
"Upstream ': panel = call CREATE-L'PSTREAM-NAVIG-PANEL-CALLBACK (BR. win): 
IXmnstream . panel = call CREATED* >WNSTREAM-NAVIG-PAN EL-CALLBACK (BR. wini: 
call delclc-dialoi: idler, 
•icicle niu: 
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CREATE D* )WNSTREAM-NAV1G PANEL CALLBACK (BR: class bioresenoir .win : class window) 
= (class entry-panel) 
BRN: symbol = the name of BR: 

if not (there exists a bioprocess that is a-down-hioprocess-of BR) then go to exit-routine: 
panel = call clone-panel (MASTER IX ) WN - N A V I G ATI ON- PANEL): 
chance the text of the related-iiem of panel lo "|BRN |": 
create a panel-text FT: 

chance the text of FT lo DOWNSTREAM NAVIGATION PANEL FOR: (BRN] ': 

transfer FT to the subworkspace of panel at ( 70. 36(1): 

call NAVIG CREATE-DOWNSTREAM-LISTS-PROC (BR. panel, win): 

DBPL= the bioprocesses-list lhai is thc-dsbp-lisi-oi panel: 

nuke panel permanent: 

create a texiiisi PSML: 

lor DBP = each bioprocess thai is a-down-bioprocess-of BR do 
for DBM = each hiomodel that is ihe-coniainer-of-bp DBP do 
if DBM is not 3 hioresenoir-bin then insert "(the name of DBM|" ai the end of the text list PSML: 
call COMPLETE-NAV1G-PANEI .-CALLBACK (BR. PSML. panel. win): 
return panel: 
exit-routine: 

md - call create-messacc-Jialoc i"md". Tliere is »o don n-bioprocess of |the name of BR| 

•lie symnoi extra-large, win. t>. ui: 
return md: 
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N A VIG-C RE ATE-DOW N STRE A M • LI STS -PROC (BR: class bioreservoir. 
panel: class entry-panel, win: class window) 
if there cxisu a downstrcani-hioproccsscs-lisi that is the-dsbp-ltsi-ol panel then 
lor BPL = each bioproccsscs-list dial is dic-dsbp-list-of panel do 

delete BPL: ....... <• ■ .■. 

if there exisis a downsiream-bioreservoirs-list lhat is Uic-dsbr-list-or panel then 
for BRL = each downsircani-biorcscrvoirs-list lhai is ihe-dsbr-lisi-ot panel do 

delete BRL: 
allow other processing: 
create a downstrcam-hioreservoirs-list BRL: 
conclude that BRL is THE-DSBR-LIST-OF panel : 
transfer BRL to ihe subworkspacc of safe-home-lor-lists. 
create a downsiream-bioprocesses-list BPL: 
conclude that BPL is THE-DSBP-L1ST-OF panel : 
transfer BPL 10 the subworkspace of safe-homc-for-lists: 
insert BR at die end of die biorcscrvoir list BRL: 

if diere exisis a biorcscrvoir DBR such dial fDBR is a-downsiream-bioreservoir-or BR) then 
fur DBR = each biorcservoir that is a-downsircam-bioreservoir-of BR do 
insert DBR ai the end of the biorcscrvoir lisl BRL: 

for DBP = each bioproccss that is a-dowu-bioprocess-of BR do 
insen DBP at the end of ihe bioproccss lisl BPL: 

if Uiere exists a bioproccss DSBP such dial (DSBP is a-downsiream-bioproccss-ol DBP) then 
lor DSBP = each biopr«>cess lhai is a-downstream-hioproccss-of DBP do 
insert DSBP at ihe cud of the bioproccss lisi BPL: 
return. 
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L1ST-NAVIGAT10N-DBP-CALLB ACK (button: class button, win: class window, 
panel: class entry-panel > 

SW = ihe subworkspacc of panel : 

BRN= the relaied-itcm of panel: 

BR= die biorcscrvoir named by BRN: 

BRL= die downsu-cani-biorcscrvoirs-lisi dial is ihe-dsbr-lisi-ot panel . 
BPL = die downstreani-bioproccsscs-list lhai is the-dsbp-list-of panel : 
SA = die scroll-area upon SW: 

if not (there exists an uil-mcssacc-obicct ihat is a-sclccicd-mcssaec-ol5A> then 
so 10 iHveutry-routinc: 

create a brn-downstrcani-hp-simulaiioii-lisi DBPL: 

create a down-br-siniulatiou-lisi DBRL: ■ 

call NAVIG-READ-DOWN-SCROLL-PROC (BPL. BRL. DBPL. DBRL. win. panel i: 

n = die number of elements in DBPL. 

conclude dial ihe lenght of DBPL = n: 

transfer DBPL to SW at ( 100. 20V. 

transfer DBRL to SW at ( 170. 20): 

de = call gct-obj-froni-id ("dc". panel ): 

call disabk-hulton (de): 

call disablc-buuon (bution): 

return: 

"' md^caircTeatc-mcssacc-dialoc find". "No bioModel has been selected lor Uiis navigation. 
Click on die '.' huuoiUolWiw die instructions and click on LIST again", die symbol large i. 
win. 0. Oi: 
rcium: 
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NAVIG-READ-DOWN-SCROLL-PROC (BPL: class downstream-bioprocesses-list. BRL: 
class downstrcarn-biorcservoirs-list. DBPL: class bm-downstream-bp-simulaiion-lisi. 
UBRL: class dowii-br-simulaiion-lisi. win: class window, panel: class entry-panel) 
SW = the subworkspace of panel: 

scroll-array =call cei-,wlecied-rnessace (panel. "select-biomodel-scroU'): 
lor ST = each texf in scroll-array do 

BMN = symbol (ST): 

BM = the biomodel named bv BMN: 

conclude lhai BM is THE-NA VIGATED-BM-* )F panel: 

n = n + I : 

ii n = 1 then 
SBMT = STelse 

ii n > I then 

SBMT="[SBMT1. 1ST]": 
show the subworkspace of BM at three-quaner scale with its top right corner 40 units below 

the top right comer ol the screen: 
tor DBR = each bioreservoir in BRL do 
allow other processine: 

if DBR is BR-CONTAINED-IN BM then insert DBR at the eud of the bioreservoir list DBRL: 
tor DBP = each bioprocess in BPL do 
allow other processine: 

if DBP is BP-CONTAINED-1N BM then insert DBP at the end ol the bioprocess list DBPL: 
chance the name ol' DBPL to symbol("downsu*eam-BP-wiihin-|SBMTJ "): 
chance the name ol DBRL to 5vmhol("downstream-BR-wiihin|SBMT]"): 
conclude thai the ref-biomodel ol DBPL = "ISBMT1": 
dr = call eei-obj-from-id ("dr". p;uiel>: 
cull enable-button (dr:. 
return: 



TABLE 183 



N'AVIG-DRAW-DBP-CALLBACK (button: class button, win: class hem. panel: class entry-panel) 
\VS: class kb-workspace = the subworkspace of panel: 
DBPL = the bm-downstream-bp-simulation-list upon \VS: 
SW = call CREATE-NAVIG-PATH-TRACER-PROC C downsueam". panel, win): 
show SW at three-quarter scale with its top left comer 50 units below the top left comer of the screen: 
BR = the bioreservoir named by the relaied-iiem of panel: 
if there exists a bioprocess that is a-dow n-btoprocess-of BR then 
BT = the biomodel-litle upon SW: 

conclude that the label of BT = "|the label of BT1: |the label of BRJ": 

chance the status-color icon-color of BR to brown: 

x - the x-pos upon SW: 

y = the y-pos upon SW: 

conclude thai x = - 50: 

conclude that y = 1 20. 

create a bioreservoir LBR by cloning BR: 

delete the subworkspace of LBR: 

transfer LBR to SW ai ix. y i: 

conclude that y = y - 40: 

tor DBP = each bioprocess that is a-dowu-bioprocess-of BR do 
if DBP is a member of the bioprocess list DBPL then 
allow other processine: 
conclude that x = x + 1 10; 
create a bioprocess LDBP by cloning DBP: 
delete the subworkspace of LDBP. 
transfer LDBP to SW am. y): 
r = random i3. 35): 
t = random 1 20. 76): 

create a connection connected between LBR newly locating it at right at the position given by r 

and LDBP newly locating it at lop at the position given by t with direction output: 
conclude that v = v - 40: 

call NAVIG-CREATE-LOCAL-DBP-PROC (DBP. LDBP. DBPL. SW. win): 
chance the size of SW to minimum: 
call disable-bution (button:, 
reium: 



WO 96/22575 



PCTAJS96/00883 



TABLE 184 



N AV1G-CREATE-LOCAL-DBP-PROC (BP: class bioproccss. LBP: class bioproccss. DBPL: 
class hm-downstrcam-hp-simulation-list. SW: class workspace, win: class window i 

x = ihe x-pos upon SW: 
v = ihe v-pos upon SW: 

if ihcrc exists a bioreservoir thai is a-down-biorcservoir-ol BP then 
lor BR = each bioreservoir thai is a-down-bioreservoir-of BP do 
if Uierc exists a bioproccss that is a-down-bioprocess-ol BR then 
lor DBP = each bioproccss that is a-down-bioprocess-ol BR do 
if DBP is a member of the bioprocess list DBPL then 
if there exists a bioproccss MBP upon SW such that (the master- 
bioprocess of MBP = the master-bioprocess ot DBP) ihcn 
LDBP = MBP: 

call CONNECT-EXISTtNG-LOCAL-DBP-PROC (LBP. LDBP. win), 
else 

allow other processing: 
conclude that x = x + 1 10: 

it x > 2600 dien show SW at one-quarter scale with its lop 
left corner 50 units below the top left corner of the 
screen else 

if x > 1800 then show SW at half scale with its top left 
corner 50 units below die top left corner of the 
screen: 

create a bioproccss LDBP by cloning DBP: 
delete the subworkspace of LDBP: 
transfer LDBP to SW at u. y): 
r = random (3. 35): 
t = random (20. 76): 

create a connection connected between LBP newly locating 
it at right at the position given by r and LDBP newly 
locating it at top at the position given by t with 
direction output: 

conclude that y = y - 40: ...-„. 

call NAVIG-CREATE-LOCAL-DBP-PROC (DBP. LDBP. DBPL. SW. wun. 

return: 

CONNECT-EXIST1NG-LOCAL-DBP-PR0C (LBP: class bioproccss. LDBP: class ioprticcss. 
win: class window i 

for C = each connection connected to LBP do 
if there exists a connection DC connected to LDBP such dial (DC is the 

same object as C) then return: 
b = random (20. 76): 
r = random (3. 35): 
p = x-rcl-position (LBP. LDBP): 

if p > Othcn . 
create a connection of class c-line connected between LBP newly locating it ai right at die 
position eiven by r and LDBP newly locating it at bottom ai the position given by b with direction 
output, with vertices 6 -60 else 

if p < Oihen 

create a connection of class c-line connected between LBP newly 
locaiins it at bottom at the position given by b and LDBP newly 
Eocaiine it at left 52 with direction output, with vertices -60: 
return: 
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CREATE-NAVIG-PATH-TRACER-PROC (typo: lexi. panel: class entry-panel, win: class iiemt = (class workspace) 
WS: class kh-workspace = the suhworkspace ol" panel: 
il" there exists a navig-path-iracer upon WS then 
lor NT = each navie-path-iracer upon WS do 
delete NT. 
if tvne = "downstream" then 

create a navig-path-iracer NT by cloning M ASTER-EX )WN-N A VIG-P ATH W AY else 
il" ivne = "upstream" then 

create a navie-path-iracer NT bv cloninc M ASTER-UP-NA VIG-PATHW AY: 
transfer NT to WS at ( 1 30. - 85): 
SW = the suhworkspace of NT: 

show WS on wm with its bottom right comer at the bottom right corner of the screen: 
call confieure-paih-tracer-proc (NT. wmi: 
return SW: 
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C< )MPLETE-NA VIG-PANEL-CALLBACK (BR: class hioreservoi. PSML: class text-list, panel: class entry-panel, 
win : class window) 
SW = the suhworkspace of panel: 

sa = call create-scroll-area-from-list ("selcci-biornodel-scroll". 5. PSML. panel. 70. 170): 
conclude that die allow-unseleci-on-selocied-rnessage of sa is true: 
conclude that die messaee-selection-method ol" sa is the symbol MESSAGE-SELECTION: 
conclude that the message-unselection-method of sa is the symbol MESSAGE-UNSELECTION: 
if there exists a text-pushbutton de upon SW s uch t hai (the id ol" do = "de") then 

change the text of the callback ol de to " D ELETE-ENTR Y -P ANEL-C ALLB ACK" : 
change the size of panel to minimum 
show S W on win at the center of the screen: 
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RESET-NAVIGATION-CALLBACK i button: class buuon. win: class item, panel: class emrv-panell 
call RESET-NAVIG-PROC (panel): 

if there exists a text-pushbutton de upon SW' such thai (the id of de - "de") then enable de: 



RESET-NAVIG-PROC I panel: class c-oniry-paiie!) 
SW: class kb-workspace = die suhworkspace of panel: 
if there exists a biomodel that is THE-NAVIGATED-BM-OFpaiK'l then 
for BM = each biomodel that is THE-NA VlGATED-BM-< )F panel do 
allow other processing: 

chance the staius-color icon-color of BM 10 lime-creen: 
conclude that BM is not THE-NAVIGATED-BM-< )F panel : 
if there exists a navic-path-tracer upon SW then 
for NT = each navfe-path-tracer upon SW do 
delete NT: 

if there exists a bioprocesses-list BPL upon SW then 
for BP = each bioprocess in BPL do 

allow other processing: 

conclude that the status of BP is available: 

chance the status-color icon-color of BP to slate-blue: 
delete BPL: 

if there exists a bioreservoirs-list BRL upon SW men 

lor BR = each bioreservoir in BRL do 
allow other processmc: 
conclude that the status of BR is available: 
chance the status-color icon-color of BR to medium-aquamarine: 

delete BRL: 

if there exisis a text-pushhuiton Is upon SW' such that (the id of Is = "Is ") then enable is. 
if there exists a lext-pushhutton dr upon SW such that (the id of dr = "dr ') then disable dr: 
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SIMUL-INIT-CALLBACK (huuon: class huuon. win: class window, panel: class seleciion-panell 
vail GENKRAI.-lNlT-PROC «wrai: 
call SIMUL LNIT-PRoC iwini: 
reium: 



ADD-SIMUL-CALLBACK (huuon: class uil-buuon. win: class window, panel: class selection-panel) 
call SlMUL-INIT-PROC<wini: 
return: 



SIMU1.-INIT-PROC (wm: class s2-windowi 
SW = the subworkspace of INITIALIZATION-PANEL: 
vail SENO-NO-rNPUT-MESSAGES (win): 
if there exists a sd-br-lisl upV'n SW then 
lor NL = each sd-br-lisi upon SW do 
delete NL: 

create a sd-br-list UNL: conclude that the label ol UNL = "UNList": 

create a sd-br-list ANL: conclude that the label ol ANL = "ANList": 

create a sd-br-list RNL: conclude that the label of RNL = "RNList' 

create a sd-br-list DNL. conclude that the label of DNL = "DNList ": 

for BR = each hioreservoir do 
if BR has a name then 
SD = the scaline-densitv of the biopool upon the subworkspace of BR: 
if ihe sci-hv-user of SD is true then insert BK ai the end of the bioreservoir hsi UNL 
else call SET- SCALING -DENSITY-PROC (BR. ANL RNL. DNL1 

transfer UNL to SW at I- 130. -235 1: 

transfer ANL to SW at I - 80. -235): 

transfer RNL lo SW at (AO. -235 1: 

transfer DNL lo S W at ( 1 1 0. -235 >: 

inform the operator that "The setting of the scaling-density ot all bioPools has been concluded : 

change the size of SW to minimum. 

return. 



SEND-NO-INPUT-MESSAGES twin: class item) 
for BR = each bioreservoir do 
exit if BR has no name: 

PO = the biopool upon the subworkspace ol" BR: 

if not (there exists a bioproduct connected to PO) and not (there exists a model-block M connected to KM then 
create a messace-dialog md. change the text of the message upon thcSW of md to "The bioPool of |ihe name of BR| 
has no input" H! To model an input source: I. Select create sw" from the menu of the scaled-inpui-modcl-boxor the 
input-model-box of this bioPooL as desired. 2. Add / connect / configure an appropriate model-block", and show 
the SW of md on tlic current window at (0. 0j. • 
chance itte text of the callback of the text-puslibuiion upon the subworkspace of md lo "DELETE-D1AL< X3-CAL1.BACK : 

SET SCAL1NG-DENSITY-PROC (BR: class bioreservoir. ANL: class sd-br-list. RNL: class sd-br-lisi. 

DNL: class sd-br-list 1 
R) = the biopool upon Ihe subworkspace of BR: 
SDF. = ihe scaling-density of P< ): 
u ihe if-scaling-amouni of BR fa 1 00 then 

insert BR at* ihe end of the bioreservoir list ANL: 
>a = ihe if-scalinc-amount of BR: 

change ihe text of the initial-value of the scaling-density ol PO to ' |sa] ": 
make the scalinc-density of P<) permanent: 

if the ifscahne-bioreservou ol BR is not none tlien go to conflict-routine: 
else 

if the if-scalino-hioreservoir of BR is not none then 
insert BR at the end of the bioreservoir list RNL: 

sr = the if-sealing-amoum of the bioreservoir named by ihe if-scahng-bioreservoir ol BR: 
change ihe text of ihe initial-value of the scaling-density of PO lo "|sr|": 
make ihe scaling-densiiy of PO permanent: 
else 

if the if-scaling-amouni of BR =100 then 

insert BR at" the end of the bioreservoir list DNL: 

change the text of ihe initial-value of Ihe scaling-densiiy ol PO to JOO.O : 

make the scaling-densiiy of PO permanent, 
return: 

conflict-routine: • 
sr = ihe if-scalinc-amouni of the bioreservoir named by the if-scalinc-bioreservoir of BR: 

if sa /= sr then inform ihe operator that The auribuies if-scaling-amouni and if-scaling-hioreservoir of |ihe name ol BR1 
have both values, which provide two confliciinc scahne-dcnsily values for us bioPool: Isa) and |sr|. resjvctively. 
The initial value ol scaling-density has been sci lo |sa|. hui ii is recommended that ihe conflict is resolved, and tins 
value changed if desired.' . 
return: 
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long-SET-SCALING-DENSITY-PROC (BR: class bioreservoir, NSDL: 

class biorescrvoirs-list) 

4-if the set-by-user of the scaling-density of the PO of BR is true then 
returae lset^*. 
create a float-list LeL; 
define an internal float value SC; 
define an internal float value SD; 
for each bioprodud P connected to PO do 
create a float-list PL: 

for each symbol PREC in the scaling-pre cursors of P do: 
if the bi'orolc-objeci R named by PREC is not an amplifier- 

bioreactant or an inhibilor.bioieactant and if the scaling-density 
of the biopool UPO connected to R /= 99.999 then 
insert the scaling-density of UPO at the end of PL; 
if the number of elements in PL >= 1 then 

insert the minim urn float value in PL at the end of the float list LeL ; 
delete PL; 

if the number of elements in LeL >= 1 then: 

set SD equal to the maximum float value in LeL; 

go to set -routine; 
else if there exists a source-bioreactaiit connected to PO then: 

create a float-list TSL; 

for each source-bioreactant TS connected to PO do 
if TS is a SUBSTRATER and the MICHAELIS-CONSTANT of 
TS/=9.9e-99then 
insert the MICHAELIS-CONSTAiNT of TS at the end of TSL 
else if TS is an ION.R and the EQUILIBRIUM-CONSTANT of 
TS/=9.9e-99then 
insert the EQUILIBRIUM-CONSTANT of TS at the end of 
TSL; 

if the number of elements in TSL >= 1 then 
set SC equal to the average of all floats in TSL; 
else if there exists a binding-bioieactant R connected to PO such that 
the EQUILIBRIUM-DISSOCIATION-CONSTANT of 
R /= 9.9e-99 then: 
create a float-lisl TSL; 

for each binding-bioreactant Ts connected to PO do 
if the EQUILIBRIUM-DISSOCIATION-CONSTANT of 

Ts /=9.9e-99then 
insert the EQUILIBRIUM-DISSOCTATION-CONSTANT of Ts 

at the end of TSL; 
if the number of elements in TSL >= 1 then 
set SC equal to the average of all floats in TSL; 
if SC /= 0.0 then: 
SD = SC - 6.023e23 * top-volume-br (BR); 
go to set-routine; 
if LeL exists then delete LeL; 
return 



set -routine: 
if SD = 0.0 then 

insert BR at the end of the bioreservoir list NSDL 
else if SD /= 0.0 then ' 
if the scaling-density of PO = 99.999 then 

set the initial-value of the scaling-densitv of PO = the value of SD 
else if the scaling-density of PO /= 99.999 and the scaling-density of 
PO /= SD then inform the user, 
return 

7?<r 
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Label 


simul-pancl 


Applicable class 


hiorole -object 


Condition 


(he htopoit connected in die item lias a name 


Aciion 


stan CRrLATE-INPUT-TYPE-CALLBACK lUw bioreservoir named by (he 




ref-hioreservoir of (lie hioposl connected to (he item, (his window) 


CRKATH-INIMJT-TYPF-CALLBACK (QR: class bioreservotr. win: class vvindow i 


\VS = \\w subuorkspju.* oi BR: 


BRN: svmbol = 


die name of BR: 


il" noi Mlicrc crisis a bioprocess thai is a-Jo\\ n-bioprocoss-oi*BR) irwn 



co to exit-routine, 
activate the suhworkspace oi BR. 
I1> = the hiop»»ol upon WS: 

call CRF.ATE-Dt AVNSTREAMLlSTS-PRt >C (BR. wmi: 
if I'O is a %ol-mol-pool or PO U a exp-cell-pool then 

panel = call ckme-partel (SIMUL-CONCKNTR-ATION-INK'T 'ni'l'F.-I'ANELt: 

SW = lite suhworksnucv of panel: 

call SET-RADIOBOX-IDPROC (""simuUonc ". IBRNM-INTl'T TYPE-radio box". SW. win): 
else 

p;mel = cull clone-panel (SINIUI.-OKNSm'-INI'UT-'n'I'E-l'ANEL): 
SW = ihe suhworkspace ot" panel: 

call SET RADIO BO.\-ID-l'R< >C ( suruil-densiiy"". '| BRN|-INPUT- 
TYPF.-radio-hox". SW. win): 
create j panel-lexl FT: 

cliaiisc die (exi ol FT (o "INPUT TYPE Ft )R: |BRN|". 
transfer FT (o SW at ilh 1 10): 
clun so die size ot SW to minimum 
chanse the text ol" the related-item ot panel to "|BRN| . 
show SW mi win at the center of lite screen: 
return: 
exit-routine: 

md = cjII create-messace-dialou I "md". "Tltere is no down-hioprocess-of 

Idle name of BR]", the svmhol extra-larie. win. 0. 0): 
return. 



CKEATE-DOWNSTRHAMUSTSPRuC iBK: cU« hioieservoii . win: class w iikIow , 
il (here exists adownsiream-hiopHvesse>-list thai is llie-ikuvnsiream- 
hiopri>cesM:s-hst-ol' BR liter. 

lor UB1N. = each hioprocc».ses-lisl thai is (he-downsirearn-hiopioceiscs- 
li>l-ol BR do 
delete UBPL: 

it there exists a downstream-hioreservoirs-hsi thai is ihe-downsiream- 
hioreservoiri-lisl-of BR then 

lor DBRL = each downsueam-hioreservous-ltsi that is ilie-downstream- 
bioreservoiis-list-ol BR do 
deleie BRL 

U llieie exists an up-hioreservoirs-lisi dial is ihc-up-r>ioiescrvons-lisi-nf BR llien 
lor UBKI. ~ each downsiream-hioreservoir-i-lisi thai is d>e-downs(ream-huiicscivor/s-lisi-of BR do 
deleie UBRL: 
allow niiiei processins: 
create a downstieam-hioreservorrs-hst DBRL. 
conclude that DBRL is die-downsueam-hioreservoirs-hsi-ol" BR: 
transfer DBRL to die suhworkspace ol' sjie-home-ior-hsts: 
create a Jownsiream-hioprocesses-lisi DBPL: 
conclude dial UBPL is (K'-dow-nsiream-biopriK-esses-lisi-ol' BR: 
iransier DBPL to die suhworkspace ol sate-home-lor-hsi>: 
create atl-up-hioreservous-hst UBRL: 
conclude ihat UBRL is theup-hioreservoirshsi-of BR, 
transfer UBRL to the suhworkspace of safe-horne-lor-lisis: 

call FILL BR-DOWNSTRFAM LISTS l'R()C (BR. DBRL. DBPL. DBRL. win.. — 
return. 
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SELECT-TNPLT- PAN EL-CALLBACK (button: class bution. win : class window, die: class dialog) 
BRN = the related-item of dk: 
BR = ilic bioreservoir named by BRN: 
W'S = the subworkspace of die: 

rh-id - call GET-RAl>iO-BOX-ID-PR(X: C simul-selecuon . WS. win): 
type = call get -radio-box-value (dig. rb-idi: 
call delete-dialoi! (die): 

ntd = call create-niessaae-dialos ( "nid ". "Processing "- the symbol extra-larce. win. 0. 0): 

case (type i of 
"one-time-concentration": 
panel = cull CRKATE-CONCINPUT-PANEL-PROC (BR. wini: 
one-time-densirv": 

panel = call CREATE-DENSITY-INPUT-PANEL-PRfKT (BR.wini: 
one-time-relative : 

panel = call CREATE-RELATIVE-INPLT-PANEL-PROC (BR. win): 
"periodic -concentration": 

panel = call CREATE-PEkKJDIC-CONC-lNPUT-PANEL-PRCX: (BR- wine 
"pcriodic-densitV : 

panel = call CREATE-PfiRlODIC-DENSm'-INPLT-PANEt -PROC (BR. win): 
"periodic-relative': 

panel = call CREATE-PERIODIC-RELAHVE-INPUT-PANEL-PROC (BR. win): 
make panel permanent: 

chance the text of the related-item ol' panel to "1BRN1": 
S\V = the subworkspace of panel: 

if there exists a text-pushbutton de upon SW such that (the id of de = "de") then 

change the text of the callback of de to DELETE ENTRY-PANKI.-CALLBACK": 
change the si/e of SW to minimum 
show SW on win at the center of the screen: 
return pane:, 
delete nid: 



TABLE 192 

COMPLETE-INPLT-PANEL-PR<>C (BR: class bioreservoir. panel: class entry -panel, win : class window i = ; 
i class entry-panel > 

SW = the sub work space of panel: 

BRN = the name of BR: 

create a text-list PSML: 

for DBP = each bioprocess that is a-down-bioprocess-of BR do 

for DBM = each bioniodel that is tltc-container-of-hp DBP do 

if DBM is not a bioreserwir-bin then 
insert "|ihe name of DBM)" at the end of the lexi list PSML: 
>a = call create-scroll-area-from-lisl < "select-biomodel-scroll". 5. PSML. panel. 400. 180): 
conclude that ihe allow-unselect-on-selecied-messace of sa is true: 
conclude that the allow -multiple-simultaneous-selections of sa is true: 
conclude that the allow -niuliiple-smiultaneous-seleeiions of sa is true: 
change the text of the uil-message-selcction-niethod to 'message-selection ': 
change the text of the uil-message-unsolecuon-method to "messace-unseleclion": 
it there exists a text-pushbutton de upon SW such thai (the id of de = "de") then 

chance the text of the callback ol de to "DELETE-ENTKY-PAN EL-CALLBACK' : 
chance the size of SW' io minimum: 
show- SW on wm at the center of the screen: 
reiurn panel: 
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CREATE- PERIODIC-RELATIVE-INPUT-PANEL-PROC (BR: class bioreservoir. win: class window i s < class entry -panel ) 
BRN = the name of BR: 

panel = call clone-panel (MASTER-PERJODIC-RELATIVE-ENTRY-PANEL) : 
SW = ihe subworkspace ol panel: 

create a panel-text FT and transfer FT to SW at ( -20. 380): 

chanue the text of the id of panel to "|BRN]-periodic-relalivi:-eniry-paner: 

chance the text of FT to I PERIODIC REl-ATI VH INPUT R )R: |BRN1 ": 

ac - call create-pushbution ( ac' '. Hie svmbol ACTIVaTF-RELATIVE-INPUT-CALLBACK. 

"ACTIVATE ". panel. 490. 65); 
disable ac: 

si = call create-pushbution i >t . the symbol START-PFRIODIC-REI.ATIVF-INPUT-CALLBaCK. 

"START . panel. 140. 65 1: 
Jisable m: — 
return panel: 
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HLLBR-DoWNSTRF.AM-USTS-PROC (BR: class hiorcservoir. DBRL: class downstrearn-hioreservoirs-lisi, DBPL: clas- 
downsiream-hioproces>os-lisl. UBRl.: class up-hiotescrvotrs-lisi. win: class wmdou . 
insert BR at the end of the hiorcservoir list DBRL: 

n there CMOS a biorescrvoir DBR such ihai ( DBR is a-Uownsircam-hioreservoir-ol BR I ihen 
for DBR = each hioreservoir ihai is a-downsiream-hiore.scrvoii-of BR do 
insert DBR ai tlie end of llie hiorescrvoir list DBRL: 
if lliere exists a biopnvcss DBP such Iliac ( DBP is a-downhiopnvess-of BR ) then 
lor DBP = cavil hioprocess ihai i» a-down-hioprocess-of BR do 
mson DBP al "lie end of the hioproccss list DBPL: 

it there exists a hioproccss DSBP such that t DSBI' is a-dowimrcanvhioproce vs-of DBP) then 
lor DSBP = each hiopriK.es> thai is a-downslrcam-hioprocess-of DBP do 
insert DSBP at the end of the hioproccss list DBPL: 
lor FDBP = each hioproccss in DBPL Jo 
allow other processins: 

il" there exists a hiorcservoir that is an-up-hkuvservntr-of FDBP then 
for UBR = each hiorescrvoir that is an-up-hioresetvoir-of FDBP do 
il not itltere exists a hiorescrvoir DBR in DBRL such thai I DBR is the same object as UBRll llicn 
insen UBR at the end of the hiorescrvoir lisi UBRL: 

return: 
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UST-SIMUI.CALLBACK (button: class hutton. win: class window, panel: classcniry-paiiell 
S\V = the subworkspace of panel: 
SA = the scroll-area upon SW: 

if not (there exists an uil-messaic-ohjecl tlul is a-solected-messaM-ol SA> Ihen 
go to no-emry -routine: 
BRN = tlie rclaied-ttem of dla: 
BR = the hiorescrvoir named by BRN: 

DBRL = lltedowiistrcani-hioreservoirs-lisl that is llie-downsircajn-bioroservoiis-lisi ol BR: 
DBPL = the downstream-hioprtv-oscs-lisi that is llic-downstream-hioprocessesli-.i-of BR. 
UBRl. = the up-hioiesen ous-list thai is the-up-hioreservoirs-lisl-of BR: 
create a hin-downstrc.anvhp-simulaiion-lisi CDBPL: 
create a down-br-simulation-lisi CDBRL: 
create an up-hr-simulation-hst CUBRL. 

call READ -SCROLL -PROC (DBRL. DBPL. UBRL. CDBRL. CDBPI ..CUBRl ..wm.dlg): 
iransler CDBPI. to SW at 1 395. 70i: 
transfer CDBRL lo SW at (-35. Mi: 
transfer CUBKL to SW at < 53. 69 1: 

if there ex i<t< a texi-pushhutton de upon SW such thai (the id of de = Me" ) then disable de: 
disable button: 
return: 
no-cmrv-founni:: 

md = 'eall uil-create-messaitf-dialoi: i"md". "No hioModel ha< been ^elected lor ihi- simulation. C lick on the '.' button loi 
.lelp. follow the insirucitons and click on LIST aaain". wm, (>. <J): 
return: 
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ACTlVATK SIML : I.AnoN-PR(X.' «« m: class window, panel, class cnin. panel .. 
SW = the subworkspace of panel: 

DBPL = the bm-downslream-hp->imulaiioii-hsi upon SW: 
DBRL = the down-bi-stmulalion-lisl upon SW: 
UBRL = Hie up-hr->imulaiion-li>i upon SW: 
M = the model-definition upon SW: 

BCB = Hie subworkspace ol the e-hasal-densnx -souree-tucer upon SW 
User-BC = the user-rv-hr-list upon BCB: 
call BM-OH-MODEL-PROC(M): 

caU ACTIYATE-MODEL-PROC (DBPL. DBRI- UBRLV. 

change the text oi the free-text upon BCB to "Sources of values for Basa! 

Conceniration within: (Hie test of (he itcms-bcloncmi-to-this-model of M|": 
for DBR = each biorescrvoir in DBRL do 

allow oilier processina: 

Pt ) = the biopiwl upon the surmoikspace of DBR . 

if the basal-densitv of It) /= v Ve-99 then insert DBR at the end of the hiorescrvoir list User-BC 
else call BASAL-DKNSITY-PROC iDBR. panel), 
tor UBR = each biorescrvoir in UBRL do 
allow other processing: 

Pi ) = Hie biopool upon ll»e subworkspace of UBR. 

if tlie basal densnv of It > /= 9 9e-99 then insert UBR at the end of the hiorescrvoir hsi User-BC 
else call BASAL DENS1TY-PROC i CBR. panel i. 
if there exists a le.xi-pushhulion si upon SW such thai (the id ol si = si i ihen 

disable si : 
return: 
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RF.ADSCKOLL-PROC (DBRL: class downstream-bioreservoirs-lisi. DBPL: class downstream-bioprocesses-lisi. UBRL: 
class up-hioreservoirs-list. CDBRL: class down-hr-simulation-list. CDBPL: class bm-downsiream-bn-simuJaiion-lisi. 
CUBRL: class up-br-simulatioii-lisi. win: class window, panel: class entry-panel) 

SW = the suhworkspace of panel: 

M = the model-definition upon SW: 

BRN = (lie related-item of panel: 

ST. SBTM = lexi: 

n: intecer = 0: 

scroll-arrav = call cct-selectcd-messace (paiwl.'select-biomcdel-scroir): 
for ST = each km "in scroll-array do 

BMN = symbol (ST): 

BM = the biomodel named bv BMN: 

conclude itiat BM is A-SIMULATED-BM-OF M: 

n = n + I : 

ii' n = I then SBMT * ST else 

if n > I then SBMT = "1SBMT1. |ST|": 

show the SW of BM at three-quarter state with its top right comer 4(1 units below the top nghl comer ol the screen: 
Kir DBR = each bioreservoir in DBRL do 

if DBR is BR-CONTAJNED-IN BM then insert DBR at the end of the bioresetvoir list CDBRL: 
conclude that ihe kncht of CDBRL = the number of elements in CDBRL: 
for DBP = each hioprocess in DBPL do 

if DBP is BP-CONTAIN ED-1N BM then 
insert DBP at the end of the bioprocess list CDBPL: 
conclude that the lensht of CDBPL = the number of elements in CDBPL: 
for UBU = each bioreservoir in UBRL do _ nl 

if UBR is BR-CONTAJNED-IN BM ihen insert UBR at the end of the bioreservoir list CUBRL: 
conclude that ihe lenchi ol CUBRL = the number of elements in CUBRL: 
chance the lexi of the iienis-beloncing-io-ihis-nuHlel of M to ~|SBMT)~: 
chance the name of CDBPL lo svmbol ("BPs--dowiistream-of-|BRNl-wiihin-| SBMT|"). 
chance the name of CDBRL lo svmbol ("BRs-ik>wnstream-of-|BRNl-uithin-|SBMTl"): 
chance the name of CUBRL to symbol ("up-BRs-of-[BRN|-wiihin-|SB.MTn: 
conclude that tlte ref-bionuxlel ol CDBPL = "|SBMT1": 

if there exists a iexi-puslihuiton ac upon SW such thai Ithe id of ac = "ac "I then enable ai\ 
return: 
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ACTIVATE-SIMULVTION-PROC (win: class window, panel: class entry -panel) 
SW = tttc suhworkspace of panel: 
DBPL = the bm-tkwnsircam-bp-simulaiion lisi upon SW; 
DBRL = the down-hr-simulation-list upon SW: 
L'BRI. = the up-br-simulation-lisi upon SW: 
M = the model-definition upon SW. 

BCB - the suhworkspace of Ihe c-ba«al-densiiy-sourcc-iracer upon SW: 

L >er-BC = the user-bc-hr-lisi upon BCB: 

call BM ( )F Mt >DELPR( XT (M 1: 

call ACTIVATE -M<)DEL-PRt)C (DBPL. DBRL. UBRL): 

* nance the text of the free-text upon BCB to "Sources of values for Basal 

Concentration within: |lhe text of ihe items-belonginc-io-mis-model of M| ": 
for DBR = each biorcservoir in DBRL do 

allow other processing: 

p( > = the hiopool upon the suhworkspace of DBR. 

if the basal-density of PO /= V.«te-W then msen DBR at the end of Ihe bioreservoir list User-BC 

C Tall BASAL-DENSiTYPROC (DBR. panel i: 
for UBR = each bioreservoir in UBRL do 
allow other processing: 

P( ) = the hiopool upon the suhworkspace of UBR: 

if the hasal-densirv of PO /= V.^e-W then insert UBR at ihe end of the bioreservoir list User-BC 
else 

cull BASAL-DENSITY-PROC (UBR. panel ): 
if there exists a tcxi-pushbullon si upon SW >uch that tine id ol si = st 1 then disable si : 
return: 

BM-Ol- MODEl.-PROC. (M: diss model-definition) 
if there exists a biomodel BM such that < BM is A-SIML'I.ATED-BM- ( )F Ml then 
for BM = each biomodel that is A-SIMULATED-BM-OF M do 
chance the status-color icon-color of BM to brown: 

if there exists a biomodel BMI such chat tBMl is BM-CONTA1NED- IN BMi then 
for BMI = each bkHnodel that is BMC< 1NTAINED IN BM do _ 
allow other processing 

conclude that BMI is A -SIMULATED BM-( >K M: 
chance the status-color icon-color of BMI to brown, 
return: 

7jj 
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ACTIVATE-MODEL-PROC (DBPL: class downsu^arn-hp-siiiiulatum-lisi. 
DBRL: class down-hr-simulation-list. UBRL: class up-hr-simulauon-liM> 
for DBP = each hioprocess in DBPL do 

allow niher processing: 

;iciiv;ne ihe subworkspacc of DBP: 

chance ihe status-color icon-color of DBP lo brown: 

conclude that ihe sums of DBP is dowiisireanvnctivatcd: 
for DBR = each hiorescrvoir in DBRL do 

allow *idier processing: 

activate the subworkspacc of DBR: 

cfutngc the siatus-color icon-color of DBR 10 brown: 

conclude lliat the status of DBR is downstream-activated: 
for L'BR = each hiorescrvoir in UBRL do 

allow other processing: 

exit if die status of UBR is dowastrcam-activated: 
activate the subworkspacc of UBR. 
change the status-color icon-color of UBR to brown: 
conclude thai die status of UBR is hack-activated: 
return: 
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BASAL- DENS IT Y- PR( XT (BR: class hiorescrvoir. dig: class iienn 
Pi ) = the biopool upon the S W of BR: 
BC = the basal-density of P< ): 
tt>p = die top-container that is thc-vonniiner-of-br BR: 
conclude dial die volume of top = the volume of top. 
BCB = the SW of die hasal-dcnsiiy-source-iruccr upon the SW of dig. 
if BR is a sol-mol-reservoir ihen: 
NBC = the normal-basal-concentration of BR: 
il NBC /= 9.9e-yy then 
conclude dial the basal-deiisily of P( > = NBC * 6.02^2? * the volume of top: 
inscn BR ai the end of the NBC-he-hr-lisi upon BCB: 
return: 
else co 10 main-routine: 
else: 

NBD = the normal-basal-density of BR: 
if NBD /= M.ye-yv then 
conclude thai BC = NBD: 

insert BR at the end of the NBD-hc-hr-list upon BCB: 
return: 
else go to main-routine: 
maui- routine: 
if the scalins-density of PO = W. i m then: 
insert BR at die end of the no-hc-br-list upon BCB: 
return: 
else: 

AK = die scalinc-dcasitv of PO: 

if the scalcd-hasakimount of BR /= 9.9e-9y then: 

conclude lhai BC = SBA * AK: 

insert BR at die end of the SBA-bc-br-list upon BCB: 

return: 
else: 

case the physiol-abundance of BR is 
highest: conclude dial BC = 1 .0 * AK: 
abundant: conclude that BC = 0." * AK: ' 
stcady-staic: conclude dial BC = 0.5 * AK. 
low-induced: conclude thai BC = 0.1 * AK: 
onlv-induced: conclude dint BC = 1 .0e-y * AK: 
insert BR ai the end of ihe pab-bc-br-lisi upi>n BCB: — 
reiurr. 
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TABLE 201 

START-CONC-INPUT-CALLBACK (button: class button, win: class window, die: class dialoci 
P<) = the hiopool upon the suhworkspace of ihe bioreservoir named by the related-item ol die: 
top = the top-container that is ihe-coniainer-ot-hr die bioreservoir named by the related-nem ot die: 
deiine two local float values V and EV. two quantity values t and incr. and one integer value ET: 
set i = the currcnt-simulation-time of die: 
set incr = the curcent-simulaiioii-iimc-increment of die: 

set V equal to the quaiunv extracted from the value of the edit-hox upon die which id is cone -entry-value : 
set EV = V (molar) * ft.023e23 | molecules/liter) * the volume (liters per top-container) ol lop; 

disable button; u i. j ■• 

set ET equal to the quamitv extracted from the value of the edit- box upon die which id is emry-ume : 

call START-SIMULATION-PROC i win. die); 

wan until t >= ET checking every 1 second: 

conclude that the density-entry of Pt > = EV: 

wait until t >= ET + incr checking every 1 second: 

conclude that the density-entry of P< ) = 0.0: 

•j t > ET + incr then return 

START-DENSITY-INPUT-CALLBACK (button: class button, win: class window, dig: class dialog » 
PO = the hiopool upon the suhworkspace of ihe bioreservoir named by the related-item of dig: 
define a local float value EV. two quantity values t and incr. and an integer value ET; 
set t = the curreut-simulation-time of dig. 
set incr = the currem-simulation-time-increment of die: 

set EV equal to the quantity extracted from the value of the edit-box upon dig which id is "densiiy-cniry-value 
disable button; 

nci ET equal to die quamitv extracted from the value of the edii-box upon die which id is entry-lime ; 

call START-SIMULAT1()'N-PR()C ( win. dig): 

wait until t >= ET checking every 1 second; 

conclude that the density-entry oi P( > = EV; 

wait until t >=ET + incr checking every 1 second: 

conclude that the density-entry oi P( )- 0.0: 

if t > ET + incr then return ' 

START-RELATIVE-INPUT-CALLBACK i button: class button, win: class window, die: class dialog) 
BR: = the bioreservoir named by die related-item of dig; • . • 

P< ) = the hiopool upon the suhworkspace of the bioreservoir named by the related-item ol dig: . ■ - 
define a local float EV. two quantities t and incr. and an integer ET: 
set i = the current-simulation-time of dig: 
set incr = ihe curreni-simulaiion-iime-increment of dig: 

set EV equal to the quantity extracted from ihe value of the edil-hox upon die which idis "lactoT-cntry-valuc . 

disable button: " . ' 

set ET equal to the quamitv extracted from the value of die edit-box upon dig which id is "cntry-iime : - ■ - 

call START-SIMULATN >N-PR< KT twin, dig); 

w ait until t >= ET checking every 1 second: 

conclude that the scaled-entry of P< > = EV: 

wan until i >= ET + incr checking every 1 second: 

conclude that the scaled-emry of Pi I = 0.0. 

n t > ET + incr then return 
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START-PERK )DIC-C()NC-LNPUT-CALLBACK I button: class button, win: class window, dig: class dialog' 
P< ) = the hiopool upon the suhworkspace of the bioreservoir named by ihe related-item of dig: 
define two local tloai s V and EV. two quantities t and incr. and four integers ET. El. EF. and ii: 
set i = the curreni-simulation-iime of die; 
set incr = the curreni-simulation-timc-incremeni of dig: 

set V equal to the quamitv extracted from the value of the edit-box upon dig which id is ' coiic-cntry-valuc . 
set EV = V (molar) * 6.023c23 (molecules/hier) * the volume (liters per top-container) ol top: 
disable button: 

set ET equal to the quamitv extracted from the value of the edii-box upon dig which id is entry -time : 

set EF equal to the quantity extracted from the value of the edil-hox upon dig which id is "emry-irequency' . 

set Ei equal to the quamitv extracted from the value of the edit-box upon dig which id is "entry-interval ": 

call START-SlMULATION-PRlC twin, dig): 

waii until t >= ET checking even. I second: 

conclude that ihe density-entry of P< ) = EV: 

wait until t >= ET+ incr checking every 1 second; 

conclude thai the density-entry of P( ) = 0.0: 

tor n = I to EF - 1 do 

wan until t >= ET + El * n checking every I second: — 

conclude that the densiiy-cntry of P< > = EV: 

w an until t >= ET+ El * n + incr checking every I second: 

conclude that the density-entry of Pi > = o.O; 

ii i > ET + El * n + incr then return: 



WO 96/22575 



PCT/US96/00883 



TABLE 20? 



START-SIMULATION-PROC ( win: class window, panel: class entry-panel) 
M = the model-defmiuon upon the suhworkspace of panel: 
BRN: svmhol = ihc related-item of panel: 

if there exists a text-pushbutton pa upon SW such Hut (the id ol pa = "pa ") then enable pa . 
call stan-nxxJel (M ): 

if the model-sintulauon-status oi" M is runniny then 

si1 = call uil-crcaic-messace-dialos; ("sd". "The simulation starting fnini\ |BRN1 and within 
line text of the iiems-heloncmy-to-tliis-inodel of M | has started at (the current time as a 
time stampl". win. 0. <J»: 
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MODEL-SIM ULATION-PROC ( > 
M = call g2-yci-currcnt-model-tleriniuon ( »: 
if the item superior to the workspace of M is a entry-panel Uicn 
EP = the entry-panel superior to the workspace of M: 
conclude that the currem-simulation-time of EP is equal to the model- 

simulalion-timc of M: 
conclude tliat the current-simulaiion-time-incremcnt of EP is equal to the 
model-siniulation-timc-incrcmem of M: 
{ if attrihuie-x >= y then 
call c2-set-motlci-siniulaiion-iinte (M. ni: 
call c2-.set-nvxlel-simu1ation-iime-incremem (M. m>:} 
( if attrihuie-.\2 >= y2 then 
Z2. n2. m2 = call cont-modcl-proc (attribute-x2>: 
call e2-sei-niodel-simulation-iime (Z2. n2): 
call 22-sei-n«xkl-siinulaiion-ttme-incrcment (Z2. m2): 
callc2-slan-model(Z2>:} 
stan'COMPUTE-GRAPH-TRANSFORMS-PROC { i: 
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PAUSE-SIMULATION-CALLBACK (button: class uit-buiion. win: class window , 
panel: class entry-panel ) 

SW = the workspace ol button: 

M = the nnxlel -definition upon SW: 

call c2-pause-niodel (M): 

if there exists a text-pushbutton rnt upon SW such that (the id ol rm ='rm"> then enable rni : 
disable button : 



RESUME-SIMULATION-CALLBACK (button: class uil-bullon. win: class window, 
panel: class entry-panel > 

SW = the workspace of button: 

M = the model-definition upon SW: 

call c2-resunic-nuxlel (M>: 

if there exists a text-pushbutioii pa upon SW such that (the id ol pa ="pa ") then enable pa : 
disable button : 



TABLE 205 



COMPUTE-GRAPH-TRANSFORMS-PROC 0 

GT: class graph-tracer: 
SW: class kb- workspace: 
TF: class transf-factor-var. 
T: class eraph-transf-var: 
C: class vanablc-or-paramctcr: 

lor each graph-tracer GT do 

if there" is a bionode-object BO connected to GT and GT has a SW 
then 

lor each iransf-facior-var TF upon SW do 

if BO is a biopool-thcn 
case the class of TF of 
scalcd-cone-transf-factor: C = the scaled-amount of BO: 
inpui-transf-factor : C = the input-rate of BO; 

output-iransf-factor : C = the output-rate of BO: 

aceunvtransf-factor : C = the accumulation-rate of BO: 

dcnsitv-iransf-facior : C = the density of BO: 

else if BO is a hiocnyinc and the iransf-facior-var upon SW is a 
velocity-transf-factor then C = the velocity of BO: 

conclude that the transform of TF = 

( if C <= 1 .Oe-9 then C * 1 .0c9 else (if C <= 1 .0e-8 then C * 1 .0e8 else 
( if C <= 1 .()e-7 then C * I .0e7 else (if C <= 1 .Oe-6 then C * 1 .0e6 else 
( il C <= 1 .Oe-5 then C * 1 .0e5 else ( if C <= 1 .Oe-4 then C * 1 .0c4 else 
(if C <= 1 .0e-3 then C * 1 .0c3 else (if C <= 1 .0e-2 then C * 1 .0e2 else 
(ifC <= l.0e-l then C * l.Oel else (il C <= 1.0 then C * 1.0 else 
( if C <= I .()e 1 then C * 1 .0e- 1 else < if C <> 1 .0e2 then C * 1 .0e-2 else 
( if C <= 1 .0e3 then C * 1 .0e-3 else (if C <= I -0e4 then C * 1 .Oe-4 else 
l if C <= 1 .0e5 then C * 1 .0c-5 else (if C <= 1 .0e6 then C * 1 .Oe-6 else 
i if C <= 1 .0e7 then C * 1 .0e-7 else < if C <= 1 .0e8 ihcn C * 1 .0e-8 else 
(il*C<= I.Oe9thenC * 1 .Oe-9 else (if C <= l.OelOihen C*1.0c-10else 
(if C <= I.Oell then C* I .Oe- 1 1 else ( if C<= l.Oel 2 then C* I .Oe- 1 2 else 
( i f C<= I .Oe 1 3 then C * I .Oe- 1 3 else ( if C<= 1 .Oe 1 4 then C * 1 .Oe- 1 4 else 
< il C<= 1 .Oe 1 5 then C* 1 .Oe- 1 5 else ( if C<= 1 .Oe 1 6 1 he n C* I .Oe- 1 6 else 
( if C<= I .Oe 1 7 then C* I .Oe- 1 7 else (if C<= I .Oe I X then C* I .Oe- 1 8 else 
iifC<= 1.0el9thcnC * !.0e-l9clse I.Oe20)»)))))M))»)»))))»»)»>: 
conclude that TF = 
( if C <= I .Oc-9 then 1 .0c9 else ( if C <= I .Oc-8 then 1 .OeS else 
i if C <= I Oe-7 then 1 .0e7 else ( if C <= I .Oe-6 then 1 .0e6 else 
(if C <= I .Oe-5 then 1 .0c5 else (if C <= 1 .Oe-4 then I .Oe4 else 
< if C <= I .Oe-3 then 1 .0c3 else ( if C <= I .Oe-2 then 1 .0e2 else 
(if C <= 1.0c- 1 then l.Oel clsc(il"C<= 1.0 then 1.0 else 
(if C <= l.Oel then 1.0c- 1 else (if C <= 1.0e2 then l.0c-2 else 
< if C <= 1 .0e3 then 1 .Oc-3 else ( if C <= 1 .0c4 then 1 .Oe-4 else 
(if C <= 1 .0e5 then 1 .0e-5 else (if C <= 1 .0e6 then I .Oe-6 else 
(if C <= 1 .0c7 then I. Oe-7 else (if C <= I.0c8 then I.Oe-S else 
(ifC<= 1.0e9thcn 1 .Oe-9 else (if C <= l.OelOihen I.Oe-lOelsc 
(ifC <= I.Oell then l.0e-ll else(il'C<= l.Oel 2 then I. Oe- 1 2 else 
(ifC<= l.Oel 3 then I .Oe-13 else (if C <= l.Oel 4 then 1.0e-14else 
(ifC<= I.0cl5thcn I .Oe-15 else (if C <= 1.0c 16 then I.0e-I6elsc 
( if C <= I .Oe 1 7 then 1 .Oe- 1 7 else ( if C <= 1 .Oe 1 8 then I .Oe- 1 8 else 
(il"C<= 1.0el9thcn I.0e-I9else I.0e20)m)»)))))))))))))i)))))))i 
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TABLE 207 



an user-mcnu-choice 
Label shmv-s.araph 
Applicable class hiorcservoir 

Condition the subworkspacc of die scalcd-br-graph-tracer upon die subworkspacc ul' die 

iiem dues not exist 
Action in order 

start SCALED-BR-TRANSF-GRAPH-PROC (the scalcd-br-graph-iracer upon die 

subworkspacc of Uk* iieui. Uiis window i and 
create a min-re\ -display T and 
change die text of T to "G" and 

transfer T to die workspace of the item an middle- x (the item) - 29. middle- y uhe itemi + ft) 



SCALED-BR-GRAPH-PROC (u~accr: ctass scaicd-hr-graph-tracer. win: class window i 
BR = die hiorcservoir superior to the workspace ol tracer: 
if die subworkspacc ol tracer exists then 
snow the subworkspacc of tracer on Win widi its top right comer 35 units below die top right 
comer of the screen 
else 

create a workspace SW by cloning die subworkspacc of SCALED-BR-TRANSF-GRAPH-M ASTER: 
G = the graph upon SW; 

change the text of the label-lo-display of G to "|the name of BR|": 
change the size of SW to minimum: 

show SW on Win with its lop right corner 35 units below the top right comer of the screen: 
make SW the subworkspacc of tracer; 
for TF = each iransf-factor-var upon SW oc 
change the text of the ref-variable of TF to "|the name of BR|". 
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( )ptions 
Names 

Tracing ;uid breakpoints 
Data type 
Initial value 
Last recorded value 
History keeping spec 

points = 3 
Validity interval 
Formula 

Simulation details 

Initial value tor simulation 

Data server 

Default update interval 

Transform 

Rcf variable 

Label 

X 



a velocity-transl-factor 

do not forward cliain. breadth first hackw;ird chain 
none 
default 
float 
0.0 

0.0. valid indefinitely 

keep history- with maximum number of data 



supplied 
none 

no simulation formula yet 
default 

inference engine 

3 seconds 

0.0 

none 

velocity 

x 



TABLE 209 



an user- menu-choice 

Label liide-s.graph 
Applicable class hioreservoir 

Condition the subworkspacc of die scaled-br-graph-lracer upon die subworkspacc of die item exists 

Action in order 

delete die subworkspacc of the scaled-br-graph-iracer upon die subworkspacc of the item 

and delete die min-rcv-display nearest to the item 
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TABLE 210 



RESET-SIMULATION-CALLBACK (buiton: class uil-button. win: class window, panel: class 
entry-panel) 

M = Hie modcl-dcflniiion upon the workspace of button: 
call g2-rcsct-model (M ): 

conclude that the curreni-simulation-iime of dig = 0.0: 
conclude that the current-simulation-urne-incremcnt of dig = 0.0: 
call RESET-PROC (M. dig): 
allow other pax-cssing: 

if there exists a text-pushbutton si upon SVV such that (the id of st = "si ") ihcn disable si : 
if there exists a lext-pushhuiton pa upon SW such ihat (the id of pa = "pa") then disable pa: 
if there exists a text-pushbutton rm upon SW such that (the id of nn = "mi") then disable rm: 
if there exists a text-pushbutton dc upon SW such that (Hie id of de = "de") then disable de: 



RESET-PROC (M: class model-definition, panel: class entry-panel) 
SW = the subworkspace of panel: 

if there exists a hiomodcl that is A-SIMULATED-BM-OF M then 
for BM = each biomodcl that is A-SIMULATED-BM-OF M do 
allow other processing: 

change the status-color icon-color of BM to medium-aquamarine: 
conclude that BM is not A-SIMULATED-BM-OF M: 
if there exists a bm-downstream-hp-simulation-lisi CDBPL upon SW then 
for DBP = each bioprocess in CDBPL do 
allow other processing: 

change ihc status-color icon-color of DBP to slatc-blue: 
conclude that the status of DBP is available: 
deactivate the subworkspace of DBP: 
delete DBPL. 

if there exists a down-br-simulalion-list CDBRL upon SW then 
for DBR = each bioreservoir in CDBRL do 
allow other processing: 
deaci i vate the subworkspace of DB R : 

change the status-color icon-color of DBR to medium-aquamarine: 
conclude that the status of DBR is available: 
delete CDBRL: 
i I there exists a up-hr-simulaiion-list UBRL upon SW then 
for UBR = each bioreservoir in UBRL do 
allow other processing: 
deactivate the subworkspace of UBR: 

change Uk status-color icon-color of UBR to medium-aquamarine: 
conclude that llie status of UBR is available: 
delete UBRL: 
allow- other processing: 

i I there exists a icxi-pushbution Is upon SW such that (the id of Is = "Is") then enable Is. 
if there exists a text-pushbutton ac upon SW such Uiat (the id of ac = "ac") ihcn disable ac: 
return 
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TABLE 211 



Al T-CREATE-CONC-INPUT-l'ANEL-PRtXT (BR: class bioreservoir. win : clas* umdowi = (class entry-panel ■ 
panel = oil w-UiiK*-paiwl(NlASTER-ALT-C()NCENTRATI(iN-F.jVTRY-l , ANEI.i. 
SW = (he subworkspace oi' panel: 

eltanse ilic text of the uscr-resirtctions of SW 10 "unless in uil-huild mode: 

menu choices lor workspace include: rude-workspace, shrink-wrap: 

non-menu choices lor kb-workspacc include: scale-workspace, show- workspace, 
move-workspace. movc-workspaces-rvyond-window-mariiiiv. 

attribute* visible for kb- workspace include: nothing": 
CTcate a pa>iei-«exi FT: 
transfer FT to SW at ( -20. MX)): 

change the texi ol the id of panel lo ~| DRNl-i:onc -entry-panel : 

change the texi of FT to "1. CONCENTRATION INPUT FDR: |the name ofBRl": _ „ 
si = Jail creatc-pushhuiion ("si", the symbol ALT- STA RT-CC )N C - 1 NPUT-C A L LB A C k. START . panel. 1?8. 
disable si . 
return panel: 



TABLE 212 



ALT-UST-SIMUL-CALLBACK (button: class button, win: class window, panel : cla» entry panel ) 
SA = the uil-sctull-aiea upon lite subworkspace of dk: 
BR = tl)e bioreservoir named by the related-item of dig: 

BRI.= the downsiream-hioreservoirs-list that is the-dowTtsueam-biorescrvou-s-list-ol BR. 

BI'l. = the dowtistreain-bioprocesses-lisi thai is ihe-downstream-hioprocessos-lisi-ol BR: 

if not I there exists an uil-mcssatie-objcct that is a-selectcd-messaie-ol SA> llien co to no-entl> -routine: 

crejie a bm-downstream-bp-simulation-lisi DBPL: 

create a down-br-simulalion-list DBRL: 

create an up-hr-stmulation-lisl UBRL: 

call ALT-RKAD-SCROI.L-1'Rtx: (BPL. BRL. DBPL. DBRL. UBRL. in. dls): 
transier DBPL to ihe subworkspace of dlaal I.W. 70i; 
transfer DBRL lo the subworkspace of dleat (-35. ft9i: 
transfer UBRL to the subworkspace ofdlyat (53. W): 

if there exists ;i loxi-pusbhullon de upon lite subworkspace of dlesuch thai (the id ol do = Me") Ihen disable de. 

disable button: 

return: 

no-enlrv-routine: , ■ 

md = call cTeale-nKSsaM-dialoc ("md". "No bioModel has been selected for this simulahon.Click on (he *.' button 

for help, follow theinslructions and click on LIST auain". win. 0. 0: 
reium: " "*"~ 

TABLE 21? 

Al T READ-SCRt H.L-PRl >C iBPL. class downsiream-bioproccsses-lisl. BRL: class downstrcam-hioreservoiis.lisi. DBPL: class 
bni-dowiislreani-bp-simulation-list. DBRL: class down-hr-simulaiio»-lisl. UBRL. class up-hr-simulation-lisl. w class window, 
panel: cla>sciiuy-paiicl> 
>vToll-array = call ici-selected-messase (panel. "seleei-biomodel-scroin: • 
for ST = each texi in scroll-array do 
BMN = symbol (STc 
BM = ihe bioinodel named hv BMN: 
conclude tliat BM i, A SIMUl-ATED-BM-OF M 
n = n » I . 

if n = I then SBMT = ST else 

il n > I then SBMT = "|SBMT|. 1ST]": 

-how ihe subworkspace of BM al thiee-quarter scale with its top right corner -10 units below the top right comet ot Hie screen, 
for DBR = each bioreservoir in BRL do 
allow oiher proccssinc: 

if DBR ts BR-CONTAINED-IN.BM then insert DBR al the end of the bioreservoir list DBRL. 
conclude that the lensht of DBRI . = the number of elements in DBRL. 
lor DBP = each bioprocess in BPL do 

allow other processinc: ' 

if DBP is BP-CONTAlNED-IN BM then insert DBP al the end of die bioprocess list DBPL: 
conclude that the lensht of DBPL = the number of elements in DBPL: 
lor FDBP = each bioprocess in DBPL do 

allow oilier processing: 

inhere exists a bioreservoir that is an-up-bioreservoir-ot FDBP then 
lor UBR = each bioreservoir that is an-up-bioreservoii of FDBP do 

if not ithere exists a bioreservoir DBR in DBRL such that (DBR is the same ohieci as UBR)) then 
insert UBR at lite end of the bioreservoir lisi UBRL: 
conclude thai Hie lenshi of UBRL = tlte number of elements in UBRL: , P „. m - 
chance ihe name of DBPL lo svmbol CBPs^lownstream-oi-lihe rclaieditem ol panel]- wuhin-|SBMT| ): 
change the name of DBRL lo svmboirBRs-downstream of-|ihe related item oi panel]-w iihin-|SBMT| r. 
chance ihe name of UBRL to symbol! "up-BRs-of-lthe related-item of panel|wnhin-| SBMT] i: 
concfude that the rel'-hiomodel of DBPL = I SBMT1": 

t there exists a toxinuslihution dr upon SW such that (the id ol dr ="di ) then enable dr: 
return: 
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TABLE 214 



SIMUL-DRAW-DBPCALLBACK (button: class button, win: class Horn, panel: class entry panel i 
WS = ihe suhworkspacc of panel; 

DBPI, = Hie bni-downstieam-bpsimulaiioii-lisi upon WS: 

BR = ilio hioresenoir named by ihe relaicd-itcm ol panel: 

if there exists a hioprocess that is a-down-hioprocess-of BR then 

it' there exists a c-neurai-path-traccT upon WS then 

lor NT = each c-neural-path-iraccr upon WS do 
delete NT. 

create a c-neural-path-iraccr NT bv cloning master-neuro-pathwav •; 
transfer NT to WS at (510. 2vX)>: 
SW = ihe suhworkspacc of NT: 
BT = the biomodcltiilc upon SW: 

conclude that the label of BT = "I the lahel of BT): (the label of BR1 ": 

show SW at three-quarter scale with tts top left corner 50 units below the top lefl corner ol the screen: 
call CON'FIGURE-PATH-TRACER-PROC (NT. win): 
x = the x-pos upon SW; conclude lhai x = -300: 
v = the v-pos upon SW: conclude that y = 20: 

create a'hiorescrvoir LBR by cloning BR: activate the subworkspace of LBR: 
P() = the hiopool upon the subworkspace of LBR. 
create a panel -text Tl: 

chansc the text of Tl to "|tlie master-bioreservoir of LBR]": 
transfer TI to BRW at <middle-x (P()i. middle-y <PO) - 80>: 
transfer LBR to SW at t x. y j: 
conclude that v = v - 40: 

call SIML'L-CRHATE LOCAL-BP-PRt )C (BR. LBR. WS. SW. wini: 
for NBP = each biopaxess upon SW do 
MBP = the hioprocess named by the masier-bioproccss of NBP: 
it there exists a hioroscrvoir thai is an-up-bioreservoir-of MBP then 

call SIMUL-CREATE-UP-L(>CAL-BK-PR<X: (NBP. MBP. WS. SW. win): 
call ALT-ACTIVATF.-SIMULAT10N-PR(')C (panel, wini: 
change the size of SW to minimum: 
disable button : 

if there exists a text-pushbutton si upon SW such thai (ilie id ol st = " st"l then disable s: 
return: 
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SlMUl.-CRHATEI.OCAL-BP-PROC (BR: class hioresenoir. LBR: class 
biorescrvoir. WS: class workspace. SW: class workspace, win: class window i 
DBPI. = ihe hm-downstrcani-hp-simulation-list upon WS: 

x = the x-pos upiHi SW: y = the y-pos upon SW; >-.',-. 
if there exists a hioprocess that is a-dow n-biopR>cess-of BR then 
for DBP = each hioprocess that is a-down-hioprocess-of BR do 
if DBP is a memrx.T of the hioprocess hsiDBPL then 

if there extsis a hioprocess MBP upon SW such that ( the niaster bioprov.e>-i of MBP = 
ihe masicr-hioprocess of DBP i then 
I. DBP = MBP: 
■jo to coiuieci-BP-routinc: 
else 

conclude that x = x + 110: 

create a hioprocess LDBP by cloning DBP: 

activate the suhworkspace of LDBP: 

transfer LDBP to SW at tx. y>: 

r s random (3. 35). t = random ( 20. 76): 

create a connection connected heiwcen LBR newly locating it at right at the position given by r and LDBP newly 

Kxrating it at lop ai ihe position given by t with direction output, 
conclude that v = v - 40: 

call SIMUL CREATE-LOCAL-BR-PROC (DBP. LDBP. WS. SW. wini. 
return: 
connec i -B P- routine : 

for C = each connection connected to LBR do 

it there exists a connection DC connected to LDBP such that iDC is Ihe same object as Ci then return: 
i = random (20. 76i: r = random (3. 35): 
p = x-rel-posiiioti MJJR. LDBPi: 
iip>0then 

create a connection of class c-line connected between LBR newly locating it at right at the position given by r and l.DBP 
newly locating it at bottom at the position given by t with direction output, with vertices 6 -(SO else 
if P < 0 then 

create a connection of class c-line connected between LBR newly locating it at bottom at the |\*mon given by t and 
LDBP newlv locaiinc it at left 52 with direction output, with vertices -Hi: 
call SIMUI.-CRKATE-I.OCAL-BR-PROC (DBP. LDBP. WS. SW.winr. 
return 
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SIMUL-CREATE-LOCAL-BR-PROC (BP: class bioproccss. LBP: class 
bioproccss. WS: class workspace. SW: class workspace, win: class window) 

DBRL = llic down-br-simulaiion-list upon WS: 
x = die x-nos upon SW: 
y = die y-pos upon SW: 

if iherc exists a biorescrvoir dial is a-down-hioreservoir-of BP ihen 
lor DBR = each biorescrvoir dial is a-down-biorescrvoir-of BP do 
if DBR is a member of the biorescrvoir lisi DBRL then 
if diere exists a bioreservoir MBR upon SW such that line master- 
bioreservoir of MBR = the master-bioreservoir of DBR) dien 
LDBR = MBR: 
so to connect-BR-routinc: 
else 

allow other processing: 
conclude dial x = x +~1 10: 

il x > 2400 then show SW at onc-quancr scale with its top lefi aimer 
50 units below the lop lefi corner of the stTecn else 

if x > 1400 and x < 2400 then show SW at half scale with its top left 
comer 50 units below die lop lefi corner of die screen: 

create a biorescrvoir LDBR by cloning DBR: 

BRW = die suhworkspace of LDBR:" 

PO = die binptxM upon BRW. 

create a pancl-lexl Tl: 

chance the lexi of Tl to "|thc masicr-biorescrvoir of LDBR]": 
transfer Tl to BRW at i nuddle-x (PO). middlc-y (PO) - 80): 
change the size of BRW to minimum: 
iransTer LDBR to SW al lx. yj: 
r = random (3. 35): 
i = random (20. 76): 

creaic a connection connected between LBP newly locating it at right 
at die position given by r and LDBR newly locating it at lop at the 
position given by t widi direction output: 
conclude that v = v - 40: 

call SIMUL-CREATE-LOCAL-BP-PROC (DBR. LDBR. WS. SW. 

wmi: 
return: 

conncci-BR-routinc: 

lor C = each connection connected io LBP do 
if iherc exists a connection DC connected to LDBR such that (DC is die 

same object as C) dien rcium: 
t = raiidnm < 20. 76): 
r = random (3. 35): 
p = x-rcl-position (LBP. LDBRl: 
if p > 0 then 

create a connection of class c-line connected between LBP newly 

locating it at right at die position given by r and LDBR newly 
locating it al bottom ai die position given by t with direction output, 
with vertices 6 -60 else 
if p < 0 then 

creaic a connection of class c-line connected between LBP newly 
locating it al bottom at Hie position given by t and LDBR newly 
locatinc il at left 52 with direction output, with vertices -60: 

call SIMUL-CREATE-LOCAL-BP-PROC (DBR. LDBR. WS. SW. win): 

return 
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TABLE 217 



SlJsrUL-CRE^TE-UpT()CAL-BR-PR()C (NBP: class bioproccss . MBP: class hioproeess. WS: 
class workspace. SW: class workspace, win: class window > 

UBRL = ihc up-br-simulaiion-list upon WS: 
x = the x-pos upon SW : 
v = the v-pos upon SW: 
conclude thai x = the iiem-x-posiiion of NBP: 
conclude ihai Y = the item-y-position of NBP + 200: 
for UBR = each bioreservoir that is an-up-bioresenoir-oi MBP flo 
if UBR is a member of the bioreservoir list UBRL then 
if there exists a bioreservoir MBR upon SW such that (the master- 
bioreservoir of MBR = the master-hioreservoir ol UBR) then 
LUBR = MBR: 
go to conneci-BR-routine: 
else 

allow other processing: 

conclude mat x = x + 1 10: 

create a bioreservoir LUBR by cloning UBR: 

activate the subworkspace of LUBR: 

BRW = the subworkspace of LUBR: 

P( ) = the biopool upon BRW: 

create a panel-text Tl: ., ... 

chance the text of Tl to "|the master-bioreservoir oi LUBR| : 
transfer Tl to BRW at I middte-x <K». middle-y iP< » - 80V. 
chance the size of BRW to minimum: 
transfer LUBR to SW at (x. yi: 
r e random t 3. 35): 

create a amwetim 'connected beiween NBP newly locating it at rxxiom at the position given by 

I and LUBR newly locating it at top at the position given by t with direction output: 
conclude that y = y - 40 
return: 
conncei-BR-rouiinc: 

for C = each connection connected to NBP do 

if there exists a connection DC connect*! to LUBR such than DC is the same object as C) then muni, 
i = random 1 20. 76): 
r = random 1 3. 35): 
p = x-rel-position <NBP. LUBR); 

"cTele a^inection of class c-linc connected between NBP newly locating it at right* *c ; 
position given by r and LUBR newly locating it at bottom at the position given b> t « ith 
direction output, with vertices f» ~M else 

' aeate fcLccuon of class c-linc connected between NBP newly locating it at bottom at the 
position given by t and LUBR newly locating it at left 52 with direction output, with vertices -60: 
return: 
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THE-BIOPOOL-OF-R 
First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is svmmetrk'.' 



THE-BIOPWL-OF-P 
Firsi class 
Second class 
Relation name 
Inverse oi relation 
Type of relation 
Relation is symmetric 7 



biopool 

bioreactani 

ihe-biopool-ol'-R 

a-bioreactant-of 

one-to-many 

mi 



biopool 

bioproduct 

ihe-biopool-of-P 

a-binpnxluct-of 

one-uvmany 

no 
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ALT-ACTIVATESIMULATION-PROC (panel: class eniry-pancl. win: class window i 
VVS = the subworkspacc 01 panel; 
NT = I Ik neural-path-tracer upon WS: 
SW = ihc subworkspacc of NT: 
M = the model-definiiion upon WS: 

BCB = the subworkspacc of ihc basal-densiiy -source-tracer upon WS: 
User-BC = the user-be-br-hst upon BCB: 
simul-n = call uil-unH|uc-id ("simulation- "1: 
change the name of SW to symbolfisimul-nl "): 

chance ihc text crt the iicms-heloncinc-io-ihis-model of M lo | the name o I SW] . 
tor SBR = each bioreservoir upon SW do 
allow oilier processing: 

P( > = ilie hiopool upon the subworkspacc of SBR: 
tor PP = each biopool-post upon Uie subworkspacc of SBR do 
lor SBP = each bioprocess upon SW do 
if Uie mastcr-bioprocess of SBP = the rcf-bioprocess of PP then 
for RP = each biorole-post upon the subworkspacc of SBP do 

if Uie rei -bioreservoir of RP = Hie master-biorcservoir of SBR then RO = ihc biorole-obiect connected lo RP: 

if RO is a bioreaciam then conclude that PO is THE-BlOPt XJL-( >F-R RO 

else conclude dial PO is THE-BIOPOOI.-OF-P RO: 
if the basal-dcnsiiv of PO /= 9.9e-<W then insert SBR at ihc end of the bioreservoir list Uscr-BC 
else 

call BASAL-DENSITY-PROC (SBR. panel): 
chance die text of ilie c-pancl-texi upon BCB lo Sources of values for Basal Concentration within ihc scope 

of ilie current simulation. . 
reium: 
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ALT-START-CONC-INPUT-CALLBACK I button: class button, win: class window, panel: class entry -panel) 
he relaicd-iiem of panel; BR = inc bioreservoir named by Ik rciaied-item o! panel:: 

P( > = the hiopool upon the subworkspacc of BR. 

top = the top-container that is thc-coniainer-of-br BR: 

I) = the densitv-cnirv of PO: 

mcr * the CURRENT-SI.MULATK )N TIME-INCREMENT of panel, 
i = Die CURRENT-SIMULATION TIME of panel: 
C = call cei-edil-hox-valucipanel. "cone -entry-value*): 
if C = 0.(1 Own go to no-valuc-rouime 

else go to main-rouimc: * 
no- value-routine: 

id. o. ap. ca = call create-querv -dialog t "I'd' . Ihc symbol none. "No value lor the concentration oi |tlie rclatcd-itcm 
of panel] lias been entered. If vou want to run the simulation with no external input then press NONE. If you 
warn an input ai lime 0, enter the desired value in the box below and press INPUT. < Hher* ise press cancel and 
enter on the panel and press START acain.". "0.0 . win. 0. »i. 

conclude that the id of o = inpul . 

conclude ihai the label of o = "INPUT : 

conclude that the id of ap = "none": 

conclude that the label of ap = "NONE": 

conclude that tlw id oi ca = cancel": 

option = call wait-lor-dialog lid. win). 

case option is 
input : 

C = call uil-gei-^uery-dialoc-value (fd): 
go to main-routine: 

none": 
C = 0.0: 

co to main-routine: 
cancel 
return: 
niain-muiine: 

EV = C | molar) " ft.023e23 I molecules/liter! * the volume (liters per top-container } or top: 
disable button: 

ETlcxt - call rei-edii-bo.waluct panel, "entry-time"!: 
ET = cjuamny'lETiexn: 

allow other processing: < ' 

call START-SIMUI-ATION-PROC (win. panel i: 
wait uniil i >= ET checking every 1 second: 
conclude that DE = EV; 

wait until t >= ET + ma checking even" 1 second: 

conclude thai DE = 0.0: — 
if i > ET + mcr then return: 
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ALT-RESET-SIM ULATION-CALLBACK (buiton: class button, win: class win Jim-, panel: class entry -panel" 

M = Uic model-definition upon Uie workspace 01" button: 
call e2-resct-modcl (M>. 

conclude that the curreni-simulaiion-ume of panel = (1.0: 
conclude thai the curreni-simulation-iimc-incremeni of panel = 0.0: 
if Uiere exisis a biomodcl thai is a-simulated-hm-of M ihen 
lor B.VI = each hiomodel ihai is a-simulated-hm-of M do 
allow other processing: 

chance the staius-color icon-color oi" BM to medium-aquamarine; 

conclude that BM is not A-SIMULATED-BM-OF M: 
if there exisis a hm-downstrcam-hp-simulaiion-lisl DBPL upon SW then delete DBPL: 
if there exists adown-hr-simulaiion-lisi DBRL upon SW then delete DBRL: 
ii' there exists a up-hr-simulation-lisi UBRL upon SW ihen delete UBRL; 
if there exisis a text-pushhution Is upon SW such that (the id of Is = "Is") then disable Is; 
u" there exisis a icxi-pushtumon dr upon SW such that (the id of dr = "dr") then disable dr; 
ii' there exists a lexi-pushhuiton st upon SW such that tthe id of si = "st") then disable st: 
if there exisis a lexi-pushhuiton pa upon SW such ihai <ihe id of pa = "pa'niien disable pa: 
ii there exists a text-pushbutton rm upon SW such that tthe id of rm = "mi 'I ihen disable rm; 
if there exisis a text-pushbutton de upon SW such ihat ithc id of de = "de"l ihen enable dc: 
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an user-mcnu-choiee 

Label show-bp 
Applicable class biopool-posi 

Condition the ref-bioprocess of the item has a value 

Action start P(X)LPOST-SHOW-BP-PR<X: tthe item, this window) 



P(K)LP()ST-SH()W-BP-PRC)C (post: class hiopool-posi. win: class window.i 

if post has a name ihen BP = the hioprocess named by the ref-bioprocess of post 
else 

if there exists a hioprocess ABP such that (ABP has no name and ihe masier-hioproccss oi ABP has a 
current value and the masier-bioproccss of ABP = the ref-bioprocess of post) then 
BP = ABP: 

chance the size ol the subworkspacc of BP to minimum: 
case i the toggle-state of post ) of 
show : 

chance the color -pattern of post so thai light-color is dtm-gray . dark-color is light-gray . white-color - 

trie symbol black: 
conclude thai die toggle-state of posi is hide: 
case ( the class of post) of 
biopool-p-posi: 

show the subworkspacc of BP on W ai lull scale with iis center 280 units above the center ol the screen: 
biopool-r-post: 

show the suhworkspaee of BP on W at full scale with its center 280 units below the center oi the screen; 

hide: 

chance the color-pauern of post so thai light-color is light-gray . dark-color is dinvgray . whiic-color = 

die symbol white: 
conclude that the toggle-state of post is show; 
.ude the subworkspacc of BP on W: 
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C]j>s name expenmem-selceuun 
Superior class hiotool 
Attribute.* .specific to class label is 

ret-bioreservoir. 

amount -entry is 0.0: 

factor-entry is 0.0: 

time-entry is 0 seconds: 

curreni Iv-seleeted has values true or false idetauh is FALSE) 
Class restrictions unless in developer, or modeler mode: selecting any experiment-selection implies table 

Aiirihute displavs label offset hv I -37. 12» 

Icon description expcnment-seleciion-paiiem i width 70: height 40: dark-color . light-tutor . lype-color . white-color 
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BR-SCkOU . -CALLBACK I tracer: class br-scroll-traccr. win: class window, dig: class entry -panel) 
create a workspace display by cloning the SW of BR-SCROLL: 
make display the SW of tracer: 
create a iext-lisl BkNL: 
for each bioreservoir BR with a name do 

insert <the name of BR>" at the end of the text list BRNL: 
add each message in list BRNL to the scroll-area upon display; 
chance the size ol display io minimum: 
.-.how displuv on win at the honom riuht comer of the screen: 
delete BRNL: 
return 
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Class name process-button 
Superior class action-button 

Attributes specific to class action pnv-nante is PROCESS-EXPER-CALI.BACK 
Icon description process-huiion-pailem i w idth 80: height 30) 

PROCKSS-KXPF.k-CALLBACK f button: class pushbutton, win: class window, panel: class entry -panel r 
SW = the suhworkspace of panel: 
M = the model-definition upon SW: 
create a downsiream-bioreservoirs-ILst BRL: 
transfer BRL to SW at < -370. -335 ): 
create a exncnmem-selcciions-lisi SL: 

transfer SL to SW at f -275. -335 1: . 
create a downsiream-hiopiocesses-list BPL: 
transfer BPL to SW at i-IRO. -335V. 
create a >croll-ie.\i-lis! PSML: 
for KS = each experiment-selection upon SW do 
allow other processinc: 

if the text of the lef-hioieservoir of ES /= none and the text of the currewb ->elecied ol KS = true ihen 
insen KS ai the end of the experimeni-selection lisi SL: 
BR = the bioreservoir named hv the re f- bioreservoir of ES. 
call ni.L-BR-l)()WNSTREANI-LlSTS-Pkf)C tBR. BRL. BPL. wmi. 
lor DBF = each bioprocess in BPL do 
for DBM = each biomodel that is the-coniainer-of-bp DBPdo 
if DBM is not a bioreservoir- bin then 
insen " |the name of DBM|" a' •"<-* «^ PSML: 
for DBF = each htoprocess in BPL do 
for DBMT = each text in PSML do 
DBMN = svmhol(DBMT): 
DBM = the biomodel named hv DBMN: 

if DBM is not the-comamer-ot-bp DBP then remove DBMT from the text li-i PSML: 
for DBMT = each text in PSML do 

DBMN = svinboKDBMTl: 

DBM = i he biomodel named by DBMN: 
sa = call creatc-scroll-area-from-list < select-biomodel -scroll ". 5. PSML. panel -70. -__R>. 
change the lexi of the id of sa to seleci-biomodcl-scroll: 
conclude that the allow-unseleei-on-seiecied-message ol sa is true: 
conclude thai the allow-multiple-smtuliancous-scleciions of sa is iruc: 
chance the text of the messa-je-selcclion-niethod of sa to MESSAGE-SELECTION: 
chance the text of the niessace unselection metlKxl of sa to MESSAGK-VNSEI.F.CTION: 
if there exists a lext-puslthuuon Is upon SW such thai i the id of Is = "Is" i then disable l>: 
if there exists a texi-puslibuiion cl upon SW such thai (the id ol cl = cl) ihen enable cl: _ 
disable nuitor.. 
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CLEAR-EXPER-CALLBACK (button: pushbutton, win: class window. painM- cl»w ■•niry-p:nic-h 
SW = the subworkspace of panel: 
it there exists an c2-list upon panel then 
lor L = each g2-list upon panel do 
delete L: 

if ihere exists a uil-scroll-area sa upon panel such that line id ot Je = 'selcci-hiornodel-scroll ) then delete sa: 
if there exists a text-pushbutton pr upon SW such thai tine id of pr = "pr") then enabie pr; 
disable button. 
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LIST-EXPER-CALLBACK tbution: class pushbutton, win: class window, panel: class entry-panel i 
SW = the subworkspace of panel: 

M: class mi>dcl-definition = the model-definition upon SW: 
DBRL = ihe downstream-hioreser\ oirs-list upon SW; 
DBPL= the downstream-bioprocesses.list upon SW: 
UBRL = the up-hioreservoirs-list upon SW; 
n : intezer = 0. 

if there exists a scroll-area sa upon SW such that (the id of sa = "sa") then 
if not (there exists an message-object that is a-selectcd-messace-of sa) then 

co to no-entrv-rouiinc 
else 

create a hm-downstream-bp-simulation-lisl CDBPL; 

create a down*hr-simuiation-list CDBRL: 

create an up-hr-simulaiion-list CL'BRL. 

call READ-SCROLL-PROC tDBRL. DBPL. UBRL. CDBRL. 
CDBPL. CUBRL. win. panel I: 

transfer CDBPL to SW at (-90. -350 1: 

transfer CDBRL to SW at 1-35. -350): 

transfer CUBRL to SW at ( 20. -350) . 
i f there exists a iexi-pushbution hi upon SW such that (the id of hi = "hi") then disable hi; 
disable button; 
return; 

no-cntrv-rtiutiiie: 

md = call uil-creatc-messaee-dialoc i"md '. "No bioModcl hxs been selected for this experiment. 

Click on the '.' button tor help, follow the instructions and click on LIST again", win. 0. 0:. 
reiurr.: 
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ACT! VATE-EXPER-CALLBACK t button: class pushbutton, win: class window, panel: class entry-panel i 
W'S = the suhworkspacc of panel: 
ESL= the experiment-selections-lisi upon WS: 
DBPL= the bm-downsiream-bp-simulaiion-lisi upon WS: 
val = local text: 

if the user-mode of win is simulation then 
for ES = each experiment-selection in ESL do 
if the amount-entry of ES = 0.0 and ihe tactor-entry of ES = 0.0 then 

co to no- value-routine 
else 

iio to main-routine: 
iio-vaiue-routine: 

id = call create-query-dialoe ("I'd". "No value for the amount-entry or factor-entry of Ithe label of ESI has 
been entered. If you want to run the simulation with no external input ihen enter YES in the box below 
and press OK. (itherwise. press OK. enter the desired value for this experiment-selection, and press 
ACTIVATE again.", the symbol large. "NO' . win. 0, Oi: 

val = call cet-query-dialoc-vaiue tld): 

if val = "YES" then go to mam-routine else return: 
main-routiiie: 

if the number of elements in DBPL = 0 then co to no-bp-routi ne 
else 

call ACT1VATE-SIMULATJON-PROC ( win. panel i: 
disable button: 
return; 

iKi-hn-routine: - 

aJ = call crcaic-mcssaee-dialoc ( aJ". "There are no bioProcesses that can be selected for activation", win. I 
return: 

J/3 
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DRAW-EXPER-PATHW AY-CALLBACK (button: class huuon. win: class window, panel: class entry -panell 
W.S = the suhworkspace 01 panel: 
EL = the expenrncni-selections-l isi upon WS . 
DBHL = the hm-downsu-eam-bp-simulauon-hsi upon WS: 
imi-x: integer = - 50. 

il there exists a e-oavie-paih-tracer upon WS then 
lor NT = each c-navig-paih-iracer upon WS Jo 
delete NT: 

create a navic-path-trater NTbv cloning M ASTER -N A V 1G - PATH W A Y : 

transier NT to WS at (30. -2401. 

SW = the suhworkspace ot NT: 

x = the x-nos upon SW: 

y = the y-pos upon SW: 

conclude that v = 1 20: 

show WS at hall scale with its bottom richi comer at the bottom right corner of the screen: 

show SW at three-iiuaner scale with its Top left comer 50 units below the top leu comer ot the screen: 

call CONFIGL'RE-PATH-TRACER-PROC <NT. win): 

lor E * each experiment-selection in EL iJo 

allow other processing: 

n = n + 1 : 

conclude that x = init-x + 1 10 * In - I ): 
conclude that y = y - 100: 

BR = tlte bioreservoir named by the ref-hioreservoir of E: 

ii there exists a hioprocess that is a-down-bioprocess-of BR then 

conclude that the status of BR is selected-lor-inpui: 

BT = the biomodel-iiile upon SW: 

conclude that the label of BT = "|the label of BT): |the label of BR|" 
create a hiorc.servoir LBR by cloning BR: 
transfer LBR to SW at (.\. y): 
conclude that y = y - 40: 

lor DBP = each bioprocess that is a-down-hioprocess-ol BR do 
allow other processing: 
conclude that x = x +■ 1 10: 
create a hioprocess LDBP by cloning DBP: 

transfer LDBP to SW at ix. y l: ' 
r = random 1 3. 35 1: 
t — random (20. 7(0: 

create a connection connected between LBR newly locating il at right at the position given by r and 

LDBPnewly locating it at top at the position given by t with direction output: 
conclude thai v = v - 41): 

call CREATE-L< )CAL-EXPER-BP-PR< tC ( DBP. LDBP. SW. win): 
change the size of SW to minimum: 
disable tumor., 
return 
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START-EXPER -CALLBACK < button: class pushbutton, win: class window, dig: class entry -panel i 
panel = the SW of die: 

call SET-BASAL-DENS1T1ES-PROC twin, dig): ESL = the expcrimeni-selecuons-lisi upon panel: 

define three local quantities: EV. FE. and ET. 

M = the model-definition upon panel. 

for ES =5 each experiment-selection in ESL do 

BR = die bioreservoir named by the ref-hioreservoir of ES. 

EV = the amount-entry of ES. 

FE = the factor-entry of ES: 

ET = the tinie-enirv of ES: 

if EV /= 0.0 then ' 
if BR is a sol-mol-reservoir or BR is a exp-cell-reservotr then 

start CONC-INPUT-PROC iBR. EV. ET. win. dig! 
else start DENSITY-INPUT-PRUC (BR. EV. ET. win. dig) 

else sian DENSm'-lNPUT-PROC (BR. FE. ET. win. dig), 
start running the model M. conclude that the model-simulaiion-staius oi M is running, and miorm the 

operator that " The simulation within <the nenis-bekviging-io-Uiis-tmxlel of M> has started at <thc current 

lime as a time siamp>": 
enable Uie button upon panel which id is "pa": 

disable button: ~~ 
return 

- 
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CREATE-LOCAL-EXPER-BP-PROC (BP: class bioprocess. LBP: class bioprocess. display: class kb- workspace, 
win: class C2-vvindow) 
define lour local integers, p. I. r. and t: : 
x = (he x-pos upon display: y= die y-pos upon display: 
lor each bioreservoir BR ihai is a-duw n-bioresenvir-uf BP do 
for each bioprocess DBP dial is u-down-bioproeess-qf BR do 
if there is a bioprocess MBP upon SW such Uiat die master- 
bioprocess of MBP is equal 10 the master-bioprocess of DBP dien 
»o to connect-BP-routine: 
else: 

conclude dial x = x + 1 10: 

create a bioprocess LDBP by cloning DBP; 

transfer LDB P to display ai ( x. y ): 

create a connection connected between LBP newly locating it at right at the position given by random 

(3. 35) and LDBP newly locating it at top at thc'position"given by random (20. 76) with direction output: 
conclude that v = v - 40: 

call CREATE-LO'CAL-EXPER-BP-PROC (DBP. LDBP. display, win) 

return: 

connect-BP-routine: 
for each connection C connected to LBP do 

if dierc exists a connection DC connected to MBP such (bat DC is Die same object as C then return: 
if Ute x -position of LBP is lower than die x -position of MBP) then 
create a connection of class c-line connected between LBP newly locating it at right at the position given by 
random (3. 35 J and MBP newly locating it at bottom at the position given hy random (20. 76) with direction 
output, widi vortices 6 -60 else 
if die x-position of LBP is higher dian die x- position of MBP) then 
create a connection of class c-line connected between LBP newly locating it at bottom at die position given 

bv (20. 76) and MBP newlv locatina it at left 52 with direction output, with vertices -60; 
call CREATE-LOCAL-EXPER-BP-PROC (DBP. MBP. display, win); 
return 
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CONC-INPLT-PROC (BR: class bioreservoir. C: tloat . ET: integer, win: class window, dig: class dialog I 
PO = die biopool upon die subworkspace of BR: 
lop = die top-container that is \lu'-container*of-br BR; 
define a local float EV; 

if BR is a sol-mol-rescrvoir or BR is a exp-ccll-reservoir dien 

EV = C [molar) * 6.023e23 (molecules/liter) * die volume of lop (liters) 
l = the current-simulation-timc of dig: 
incr = die cuireni-simulation-time-incremenl of dig: 
wait until i >= ET checking every 1 second: 
conclude dial die density-entry of PC ) = EV: 
wait until t >= ET + incr checking every I second: 
conclude dial die density-entry of PO = 0.0: 
if l > ET + incr dien return 



DENSITY-1NPUT-PROC (BR: class bioreservoir. D: float . ET: integer, win: class window, dig: class dialog i 
PO = die biopool upon the SW of BR; 
t = die current-stmulation-time of dig: 
incr = die currcm-simulauon-iime-increment of dig: 
wait until t >= ET checking every I second: 
conclude dial die dcnsily-eniry of PO = D: 
wait until t >= ET + incr checking every I second: 
conclude dial die density-entry of PO = 0.0: 
if l > ET + incr dien return: 



RELAT1VE-1NPUT-PROC (BR: class bioreservoir. F: float. ET: integer, win: class window, dig: class dialog) 
PO = the biopool upon die subworkspace of BR: 
( = die curreiu-simulaiioti-lime of dig: 
ilia = die curreni-simulation-lime-incrcrnent of dig: 
wait until t >= ET checking every I second: 
conclude diat the scaled-entry of PO = F: 
wail until i >= ET + incr checking every I second: 

conclude diat die scaled-entry of PO = 0.0: "~ 
if i > ET + incr then return. 
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PAUSE-EXPER-CALLBACK (button: class pushhuiion. win: class window, panel: 
class entry-panel) 

SW = ihe subworkspace of panel: 
M = the model-definition upon SW: 
call c2-pausc-modeHM): 

if there exists a text -pushbutton rm upon SW such that (the id ol* rm = "rm") then enable rm: 
disable button : 

RESUME-EXPER -CALLBACK (button: class pushbutton, win: class window, panel: 
class entry-panel) 

SW = the subworkspace of panel: 
M = the model-definition upon SW: 
call e2-resume-model (M>: 

conclude that the model-si mulaiion-siatus of M is running: 

if there exists a tcxt-pushbuuon pa upon SW such that (the id of pa = "pa") then enable pa: 
disable button: 
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RESET-EXPER-CALLBACK (button: class pushbutton, win: class 
window, panel: class cmry-panci) 

SW = the subworkspace of panel: 

M = the model-definition upon SW: 

if the u2-user-mode of win is simulation then 

calfRESET-SlMUL-PROC (M. panel): 

call s2-resci-nKxlel (M); .- . 

conclude that the currcnt-simulation-timc of panel = 0 seconds; 

conclude that the curreni-siniulaiion-tinic-incremem of panel =0 - 
seconds; 

else 

call RESET-NAVIG-PROC (panel): 
if there exists a text-pushbutton st upon SW such that (the id ol st = "st") then disable st; 
if there exists a text-pushbutton pa upon SW such that (the id of pa = "pa") then disable pa: 
if there exists a text-pushbutton rm upon SW such that (the id of rm = "rm") then disable rm: 
if there exists a text-pushbutton hi upon SW such that (the id of hi = "hi") then enable hi: 
for md = each uil-messase-dialog upon the subworkspace of DIALOG-BIN do - 
delete md: 
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\T CLAIMS: 

■Vhat is claimed is: 

1 . A comouter system comprising one or more processors coupled to one or more memory components, storage 
devices, displays, and user input devices, further comprising a program stored in said memory components 
for enabling the computer generation of virtual iconic models of complex multidimensional systems, wherein 
said program further comprise: 

• sets of different types of modular domain -specific processes icons, wherein each of said process icons 
represent one the many processes of different types in said complex system, together with its inputs and 
outputs 

• sets of modular domain-specific reservoir icons, wherein each of said reservoir icons represents a pool 
of a single type/state of entity in said complex system, together with its inputs and outputs; 

• a code library comprising means for establishing links between process icons and reservoir icons, 
wherein said links are established between each input component of a process icon and an output 
component of each reservoir icon representing an input source for said process; and wherein said links 
are established between each output component of a process icon and an input component of each 
reservoir icon representing an output target for said process; 

• a code library comprising the means for the integration of alternating layers of said processes icons 
linked to said reservoir icons into multidimensional pathways, wherein each of said reservoir icons 
receives inputs from one or more of said process icons and/or is the source of inputs to one or more of 
said process icons, and wherein each of said process icons receives inputs from one or more of said 
reserv oir icons and /or is the source of inputs to one or more of said reservoir icons; 

2. An system based on simulated virtual iconic models of complex processing systems for enabling the 
monitoring and control of the operation of said processing systems, wherein said virtual models comprise 
multidimensional pathways of linked and alternating processes icons and reservoir icons, wherein the 
process icons represent different types of processes in said processing system, together with their inputs and 
outputs, wherein each of said reservoir icons represents a pool of a single type/state of entity in said 
system, tt>gether with its inputs and outputs, wherein each of said reservoir icons receives inputs from one or 
more of said process icons and/or is the source of inputs to one or more of said process icons, wherein each 

' of said process icons receives inputs from one or more of said reservoir icons and/or is the source of inputs 
to one or more of said reservoir icons, and wherein the system further comprises: 

• a computer system comprising one or more processors coupled to one or more memory units, storage 
devices, displays, and user input devices; 

• a reactor, wherein the reactor may comprise any combination of reaction tanks, fermentors, hioreactors, 
or any other domain-specific processing systems, such as ecological habitats, environmental systems, 
manufacturing systems, or work places; 

• one or more monitoring devices linked to said computer system, wherein said devices monitor the 
operation of said reactor, and wherein said devices may comprise any combination of hardware, 
software, or manual data acquisition devices, such as sensors or other devices that measure values 
related to certain entities in the reactor, signal transducers, filters, amplifiers, data acquisition board-., 
appropriate device drivers, or any other required devices; 

• one or more controller devices linked to said computer system, wherein said devices regulate the 
operation of said reactor, such as controlling the flow of certain inputs to the reactor; 

• one or more domain-specific knowledge-bases loaded on said computer system describing virtual model* 
of said complex processing systems, wherein said virtual models encapsulate variables, parameters and 
values characteristic of said processing systems for enabling the real-time simulation of said processing 
svstems, and wherein one or more of said variables represent values of certain entities in the reactor. 

• a main program loaded on said computer system, wherein the components of said main program comprise: 

• monitoring components enabling the use of values monitored in said reactor to provide inputs to the 
simulation components and /or the control components; 

• simulation components enabling the real-time simulation of said virtual models based on the 
information and data contained in said domain-specific knowledge-bases, with or without 
additional inputs from said monitoring components; 

• control components enabling the generation of control signals that are based on said simulation of 
the virtual models, wherein said control signals may or may not be additionally based on inputs from 
said monitoring components, and wherein said control signals are passed tojsaid controller devices 
tor regulating the operanon of said reactor. 
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• one or more moruronntt interfaces loaded on said computer system, wherein said interfaces provide 
rortware bridges between said monitoring devices and said main program enabling passing of values 
measured for certain entities in the reactor to the corresponding variables encapsulated in the virtual 
models that represent said values being measured. 

• one or more controller interfaces loaded on said computer system, wherein said interfaces provide 
software bridges between said main program and said controller devices enabling passing of control 
signals generated by said main program based on the real-time simulation of said virtual modeU. 

3. A system asdescribed inany of the preceding claims, further comprising location icons representing discrete 
space compartment*, enabling to visually organize the large amounts of components of said virtual models 
into multiple encapsulated layers of compartments representing the actual location of the en tines or 
processes of the complex systems represented by said components: 

4. A system as described in any of the preceding claims, further comprising time-compartment icons representing 
discrete time compartments, enabling to visually organize the large amounts of components of said virtual 
models into a series of successive compartments representing the actual time sequence of ordered sets of the 
processes of the complex systems represented by said components: 

5. A svstem as described in any of the preceding claims, further comprising entity icons representing the 
description of representative units of the entities of the pools represented by said reservoir icons, wherein 
said description can be accessed from the reservoir icons. 

h. A system as described in any of the preceding claims, wherein each process icon represents a composite 
object with an associated subworkspace. wherein said subworkspace holds a predefined set of the modular 
tcontc components of each process icon enabling visual access to each of said components, wherein said 
subworkspace can be displayed or hidden enabling the hiding or visual display of said components, and 
wherein said components of each process icon further comprise: 

• reactant icons representing the different inputs to said process icon, wherein different types of reactant 
icons represent the different roles that said inputs play as participants in the process represented by the 
process icon, wherein each of said reactant icons is to be linked to one of the input components of a 
reservoir; 

• an engine icon representing the action performed by the process represented by said process icon; 

• product icons representing the different outputs from the process represented by said process icon, 
wherein each of said product icons is to be linked to one of the input components of a reservoir: 

7. A svstem as described in any of the preceding claims, wherein each reservoir icon represents a composite 
object with an associated subworkspace, wherein said subworkspace holds a predefined set of the modular 
iconic components of each reservoir icon enabling visual access to each of said components, wherein said 
subworkspace can be displayed or hidden enabling the hiding or visual display of said components, and 
u herein said components of each reservoir icon further comprise: 

• a pool icon representing a pool of a single type/state of entities: 

• a set of input-connector icons connected to said pool icon, wherein each of said connector icon> 
represent each of the inputs to said pool and is to be linked to oneoi the output components ot a procea>. 
and 

• a set of output-connector icons connected to said pool icon, wherein each of said connector icons 
represent each of the outputs to said pool and is to be linked to one of the input components ot a proce» 

X a svstem as described in any of the preceding claims, wherein each of the processes icons and reservoir icon 
of the virtual model encapsulates one or more variables, parameters or values that represent quantities, 
rates, coefficients or other quantitahve or symbolic values, enabling to distribute the components ot tht 
mathematical models or inference models that characterize the behavior of the complex system among all it> 
modular components, and further enabling the manipulation of any of those values for any icon 
independently of the others. 

9. A system as described in any of the preceding claims, further compnsing libraries of iconic prebuilt 

building-blocks with associated methods for enabling the visual and interactive building of virtual model- 
of complex systems, wherein said libraries further comprise: 

• a library of different tvpes of modular domain-specific process icons representing different types ot 
domain-specific processes; 

• a librarv of different tvpes of modular domain-specific reservoir icons representing pool* of different 
types of domain-specific entities; and 

• a code librarv comprising the means for interactively create and link application-specific sets ot proce?: 
icons and reservoir icons, enabling the rapid creanon or expansion of virtual model> 
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10. A svstem as described in any of the preceding claims, further comprising a program tor enabling the dynamic 
generation of interactive iconic displays of the interconnected components of the multidimensional pathways 
of said virtual models, wherein said program further comprise: 

• a graphic user interface with means tor enabling the selection or control of said dynamic displays of said 
pathways; and 

• a code library comprising the means for executing the inference processing required for said dynamic 
generation of displays of pathways and other related tasks requested by the user from said graphic user 
interface. 

1 1 . A svstem as described in any of the preceding claims, further comprising a program for enabling the 
navigation through the components of said virtual models, wherein said program further comprise: 

• a graphic user interface with means for enabling the start or control of said navigation; and 

• a code library comprising the means for executing the inference processing required for said the 
navigation tasks requested by the user from said graphic user interface. 

12. A system as described in any of the preceding claims, further comprising a program for enabling the real-nine 
simulation of said virtual models, wherein said program further comprise: 

• a graphic user interface with means for enabling the start or control of said simulation; and 

• a code librarv comprising the means for executing the inference and simulation processing required for 
said simulation and other related tasks requested by the user from said graphic user interface. 

13. A system as described in any of the preceding claims, further comprising a program comprising the means to 
perform mixed-type simulations of said virtual models, combining quantitative, semi-quantitative and 
heuristic methods, enabling the combination of various types of information and data of different degrees ot 
precision. 

1 4. A svstem as described in any of the preceding claims, further comprising a program comprising the means to 
perform simulations of said virtual models, , wherein said program comprise methods capable of reasoning 
during said simulations about values or events over rime. *• 

15. A svstem as described in any of the preceding claims, further comprising a program for enabling the - 1 
performance of queries based on the different types of components of said virtual models, wherein said 
program further comprise: 

• a graphic user interface with means for enabling the selection of the constraints or the display the results 
of of said queries; and 

• a code library comprising the means for executing the complex inference processing required for said 
queries and other related tasks requested by the user from said graphic user interface. 

1 ft . A svstem as described in any of the preceding claims, wherein the virtual models of complex systems 

represent chemical systems. 
1 7. A svstem as described in any of the preceding claims, wherein the virtual models of complex system:* 

represent biological cellular systems 
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+ Control Systems Based n Simulated Virtual Models 

I. TECHNICAL FIELD 

A. The present invention in its broadest form relates to computer-based systems, methods and visual 
interfaces for providing an integrated development and deployment framework for visual modeling 
and dynamic simulation of virtual models of complex systems, which can be further integrated with 
monitoring and control devices to control the operation of the complex systems modeled and can be 
used for information retrieval. 

Copyright Notice 

A portion of the disclosure of this patent document contains material which is subject to copyright 
protection. The copyright owner has no objection to the facsimile reproduction by anyone of the 
patent document or the patent disclosure as it appears in the Patent and Trademark Office patent 
file or records, but otherwise reserves all copyright rights whatsoever. 



II . BACKGROUND ART 

A . Knowledge-Based and Model-Based System for Monitoring and Control 

1. Process industries, including the pharmaceutical, biotechnology, chemical, food, environmental and 
any other can save millions of dollars by using artificial intelligence for process optimization to 
control complex productions facilities. Using large-scale cultivation of microorganisms or 
mammalian cells are extreme cases in terms of complexity, when considering then as the individual 
manufacturing plants involved in complex chemical synthesis. Current systems monitor very general 
types of phenomena, such as gas pressure, pH, and in some occasions, the concentration of some 
product that correlates with cell growth or production, but those parameters are usually poor 
indicators of how much of the desired product is produced. . Complex mixtures of chemical reactions 
can be finely controlled externally by modifying the types and amounts of inputs added, if one could 
predict what will happen by adding those inputs, which requires a good knowledge and a model of 
such system of reactions. This is particularly the case with biological cellular systems that have a 
very sophisticated methods to transduce the signals provided by ligands in their external 
environment to the interior of the cell, resulting in the execution of specific functions. Such detailed 
and accessible mechanistic models of those pathways of reactions are not currently used for 
monitoring and control systems, but would be highly desirable. 

2. Several knowledge-based systems for monitoring and control functions have been used to include the 
knowledge of experts into the automated control of production facilities. A knowledge-based system 
interprets data using diverse forms of knowledge added to the system by a human domain expert 
including: a) shallow knowledge or heuristics, such as human experience and interpretations or 
rules-of thumb; and b) deep knowledge about the system behavior and interactions. The systems that 
mainly based in the first type of knowledge are in general referred to as knowledge-based expert 
systems, and the logic is represented in the form of production rules. In the more advanced real-time 
expert systems, inferencing techniques are usually data-driven using forward chaining, but can also 
employ backward chaining for goal-driven tasks and for gathering data. The inference engine 
searches for and executes relevant rules, which are separate from the inference engine and therefore, 
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the representation is intrinsically declarative. 

3. Object-oriented expert systems allow a powerful knowledge representation of physical entities and 
conceptual entities. In those systems, data and behavior may be unified in the class hierarchy. Each 
class has a template that defines each of the attributes characteristic of that class and distinguish 
it from another types of objects. Manipulation and retrieval of the values of the data structures may 
be performed through methods attached to a object's class. Model-based systems can be derived from 
empirical models based on regression of data or from first-principle relationships between the 
variables. When sufficient information to model a process -or part of it- is available, a more precise 
and compact system can be built 

4. There is a number of commercially available shells and toolkits that facilitate the development 
and deployment of domain-specific knowledge-based applications. Of those, real-time 
expert-system shells offer capabilities for reasoning on the behavior of data over time. Each of the 
real-time object-oriented shells from various vendors offers its set of advantages, and each follows a 
different approach, such as compiled versus interpreted, and offers a different level of graphic 
sophistication. The specific shell currently selected for the implementation of this invention is 
Gensym Corporation's G2 Version 3.0 system, and in part Version 40, which is designed for complex 
and large on-line applications where large number of variables can be monitored concurrently. It is 
able to reason about time, to execute both time-triggered and event-triggered actions and invocations, 
to combine heuristic and procedural reasoning, dynamic simulation, user interface, database interface 
capabilities, and other facilities that allow the knowledge engineer to concentrate on the 
representation and incorporation of domain-specific knowledge to create domain-specific 
applications. G2 provides a built-in inference engine, a simulator, prebuilt libraries of functions and 
actions, developer and user-interfaces, and the management of their seamless interrelations. A 
built-in inspect facility permits users to search for, locate, and edit various types of knowledge. 
Among G2's Inference Engine capabilities are: a) data structures are tagged with time-stamp and 
validity intervals which are considered in all inferences and calculations, taking care of truth 
maintenance; and b) intrinsic to G2's tasks are managed by the real-time scheduler. Task 
prioritization, asynchronous concurrent operations, and real-time task scheduling are therefore 
automatically provided by this shell. G2 also provides a graphic user interface builder, which may 
be used to create graphic user interfaces which are language independent and allow to display 
information using colors, pictures and animation. Dynamic meters, graphs, and charts can be defined 
for interactive follow-up of the simulation. It also has debugger, inspect and describe facilities. 

The knowledge bases can be saved as separated modules as ASCII files. The graphic views can be 
shared with networked remote CPUs or terminals equipped with X Windows server software. 

B . Computer-Aided Physiological and Molecular Modeling and Artificial Intelligence in Molecular 
Biology 

1 . Most computer-aided physiological and molecular modeling approaches have resulted in computer 
models of physiological function that are numerical mathematical models that relate the 
physiological variables using empirically determined parameters. Those models, which can become 
quite complex, aim at modeling the overall system. 

2. Both molecular biology and medicine have been fields of previous activity in the application of 
artificial intelligence (AI). In molecular biology, although there were some early systems such as 
Molgen and Dendral, the activity has intensified recently as a consequence of the explosion in new 
technologies and the derived data, mostly related with the Human Genome project and the handling 
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of large amounts of sequence data generated, relating to both DNA and proteins. There has also been 
an increased interest in computer methodologies in 3D structural models of molecular interactions. As 
an example, the topics covered in symposia such as the recent Second International Conference on 
Intelligent Systems for Molecular Biology, 1994, Stanford University, CA. (see the reference to its 
Proceedings for a current state of the art, which are here included by reference ) cover areas as wide 
as machine learning, automatic generation of representations, inductive and deductive reasoning, 
case-based reasoning, computational linguistics applied to both text and DNA or protein sequences, 
constraint propagation, bayesian inference, neural networks, qualitative modeling, expert systems, 
object-oriented databases, simulation, knowledge acquisition technologies, and knowledge base 
maintenance. In those and many other published papers, there are as many objectives and as many 
approaches as there are teams. The projects, however, are in most cases of academic interest, and in 
few cases it has been attempted to develop finish products for commercial distribution. Here, only 
two projects will be mentioned that have some common objectives with the system that is the object 
of this invention. Discussions over other previous approaches are also included in those references. 

3. The Molgen group at the Stanford University's Knowledge Systems Laboratory has been studying for 
several years scientific theory formation in the domain of molecular biology, as reported in by Karp, 
P.D. and Friedland, P. (included here by reference). This project relates to the system object of this 
invention in that both "are concerned with biochemical systems containing populations of interacting 
molecules ... in which the form of knowledge available ... varies widely in precision from 
quantitative to qualitative", as those authors write. However, the domain of Molgen is a small ■ 
subset of the domain of the system object of this invention. Within the Molgen group, the Ph.D.' : 
dissertation of P. D. Karp (included here by reference), focused on applying that research to the 
design of a computer-assisted reasoning and hypothesis formation system. In the process, the author 
"developed a qualitative biochemistry for representing theories of molecular biology", as he 
summarizes in an abstract with the same name the AI Magazine, Winter 1990, pp 9-10. In particular, 
he developed three representation models to deal with the biochemical pathways related to the 
tryptophan operon in bacteria, called declarative device models, each having different capabilities 
and using different qualitative reasoning approaches. Only chapter 3, dealing with those models, 
have relevance in the context of this invention. The first model uses IntelliCorp's KEE (a commercial 
product) frames to describe biological objects and KEE rules to describe chemical reactions between 
the objects, which he recognizes to have serious limitations because is not able to represent much of 
the knowledge available to biologists. The objective of the second model, which is an extension of 
the fixed state-variable network of deKleer and Brown, is to predict reaction rates in a given 
reaction network, incorporating a combination of quantitative and qualitative reasoning about 
state-variables and their interdependencies. The drawbacks are that this model is not able to 
incorporate a description of the biological objects that participate in the reactions, and in addition it 
does not have a temporal reasoning capabilities, representing just an static description of the state 
variables and their relationships. The third model, called GENSIM and used for both prediction 
and hypothesis formation, is an extension of model 1, and is composed of three knowledge bases or 
taxonomical hierarchies of classes of a) biological objects that participate in the trp-operon 
gene-regulation system, b) descriptions of the biological reactions that can occur between those 
objects, and c) experiments with instances of those classes of objects. The GENSIM program predicts 
experimental outcomes by determining which reactions occur between the objects in one experiment, 
that create new objects that cause new reactions. GENSIM is also further used in conjunction with the 
HYPCENE hypothesis-formation program that will not be further discussed here. Characteristics 
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of the GENSIM program that may be relevant, although different, for the system of this invention 
are: 

a ) chemical objects are homogeneous populations of molecules, objects can be decomposed into their 
component parts, and identical objects synthesized during a simulation are merged; 

b) chemical processes are frames arranged in an inheritance class hierarchy, which represent reactions 
between those populations as probabilistic events with two subpopulations, one that participate in 
the reaction and one that does not; 

c) restrictions are specified in the form of preconditions for chemical reactions to happen. 

d) those Forbus-styie processes can create objects and manipulate their properties, but cannot reason 
about quantitative state variables such as Quantities. i n his words, "processes are described as KEE 
units... [that] .. specify actions that will be taken if certain conditions hold", and in that sense are 
like production-rules; 

e) temporal reasoning is not available, resulting again in static representations and simulating only 
behavior in very short time intervals. 

4. This system integrates a variety of forms of knowledge representation, some of mem totally novel, 
while some of these forms may have been given a previous treatment by other authors which may be 
similar in some of its aspects to the treatment given in this invention. However, upon integration 
into a totally new approach, that treatment becomes a part of a novel representation and innovative 
system. For example, regarding the semi-quantitative simulation component, which is just one of 
several applications offered by the system object of this invention, L.E. Widman (1991) describes a 
semi-quantitative simulation of dynamic systems in a totally different domain. What both systems 
have in common is the assumption that, as stated by Widman: "a semi-quantitative model ... is 
intended to predict correctly the direction in which each variable will change and to provide a 
correct partial ordering of the magnitude of change relative to other variables in the model. ... The 
questions can be answered in terms of relative quantities rather than absolute quantities. ... model 
parameters that are not specified explicitly are given the implicit, default values of 'normal' 
(unity) ... ". Similar but different concepts are applied in developing part of the system of this 
invention, but as it will become clear from the detail descriptions in the following sections, not only 
are they applied to a new domain, but the innovative tools and methods used in the present 
implementation are also quite different. For example, while he assumes that " ... the default, or 
implicit, value of 'normal' maps onto unity for parameters and onto zero for variables..." the 
assumption in the prebuilt modular components in the current implementation differs from that 
statement in that the default, or implicit, value of 'normal' may map onto values other than unity 
for parameters and onto values other than zero for variables, with those values being defined based 
on expert knowledge. 

III. DISCLOSURE OF INVENTION 

A. This invention describes an integrated computer-based system, methods and visual interfaces for 
providing a development and deployment framework for visual modeling and dynamic simulation of 
virtual models of complex systems, which can be further integrated with monitoring and control 
devices to monitor and control the operation of the complex systems modeled, based on the real-time 
simulation of those Virtual Models. The system of this invention can be used by scientists to build 
the Virtual Models, which in turn are to be used by process engineers to design, monitor and control a 
variety of processing units. The Virtual Models can also be used for information retrieval, by using 
the set of visual interfaces provided to perform a variety of tasks. The available information and 
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data about those complex models is stored into modular, modifiable, expandable and reusable 
knowledge structures, with several layers of encapsulation which allows to hide or display the 
details at the desired level of complexity. More particularly, the virtual models in the present 
invention describe visual models of biochemical complex systems, comprising sets of icons 
representing processes and their participants linked into multidimensional pathways, further 
organized in a hierarchy of icons representing discrete time and space compartments, wherein such 
compartments may contain other compartments, and wherein those modular icons encapsulate in 
different layers all the information, data, and mathematical models that characterize and define 
each virtual model. 

B . Process industries can save millions of dollars by using different methods of process optimization to 
control production facilities. Using large-scale cultivation of microorganisms or mammalian cells are 
extreme cases in terms of complexity, when considering then as the individual manufacturing plants 
involved in complex chemical synthesis. Microorganisms are the preferable systems for producing 
natural substances that have a multitude of uses, such as drugs, foods, additives, biodetergents, 
biopolymers, and other new and raw materials. Most particularly, mammalian cells are the 
preferable systems for producing potent active substances for therapeutic and diagnostic uses. The 
ultimate level of complexity is using a whole animal as the live factory for continuous production for 
important secreted proteins. However, the current systems only monitor very general types of . : ^ 
phenomena, such as gas pressure, pH, and in some occasions, the concentration of some product that 
correlates with cell growth or production. For example, for controlling the production of a particular 
secreted protein that may be produced in very low amounts in relation to other protein, the total , 
protein amount of protein is measured, which is a very poor indicator of how much of the desired 
protein is produced. Complex mixtures of chemical reactions can be finely controlled externally by 
modifying the types and amounts of inputs added, if one could predict what will happen by adding 
those inputs, which requires a good knowledge and a model of such system of reactions. This is , 0 
particularly the case with biological cellular systems that have a very sophisticated methods to 
transduce the signals provided by ligands in their external environment to the interior of the cell, 
resulting in the execution of specific functions. Such detailed and accessible mechanistic models of 
those pathways of reactions are not currently used for monitoring and control systems, but would be 
highly desirable. This invention provides the system and methods that allow to: a) build detailed 
mechanistic models of the complex systems involved, and b) to use inference methods that integrate 
the simulation of those Virtual Models with inputs from monitoring devices to allow for the 
intelligent control of the operation of the complex system. 

C. The accuracy and validity of knowledge-based systems correlates not only with the quality of the 
knowledge available to the developers but also with their ability to understand, interpret and 
represent that knowledge. Because of the complex interrelationships driving the biochemical 
processes within and between cells, it is necessary to provide the many options for knowledge 
representation required by those systems. This invention presents a hybrid dynamic expert system 
that combines: a) the inheritance and encapsulation features characteristic of an object-oriented 
modeling approach, b) the procedural and rule-based inference capability of an expert system, and c) 
a model-based simulation capability. It is a further advantage of this invention to provide a 
framework that: a) allows domain-experts to directly enter their knowledge -to create and modify 
visual models, as needed based on additional experimentation- without the need of knowledge 
engineers as intermediaries, and b) provides a knowledge-base having a well defined structure for 
representing knowledge about entities, processes, pathways and interacting networks of pathways, 
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providing a visual interface and associated methods capable of dealing with incomplete and 
constantly evolving information and data. The data structures and domain-specific knowledge-base 
are independent of application -specific use, allowing the application-specific knowledge-bases to 
expand without affecting the basic operation of the system. Specific applications can be quickly 
built by using the prebuilt building blocks and the paradigm of "Cone, Connect, Configure, and 
Initialize''. The structure of the domain-specific knowledge-base serves also as the infrastructure 
provided to store additional information about new objects and models. The innovations of this 
invention include but are not limited to the specific design, generation, integration, and use of the 
libraries of building-blocks, access panels, and their associated methods, that allow representation, 
interpretation, modeling and simulation of different types of entities and their states, relations, 
interactions, the pools of each of those entities in different compartments, the processes in which 
those pools of entities participate, their discrete compartmentalization in time and space, as well as 
the concepts that make the simulation of this very complex systems possible. A large Virtual Model 
can be built as a set of modules, focusing each on different subsystems. Each of the modules can be run 
on top of the repository module that contain the class definitions and associated methods, and they 
can be dependent or independently of each other, or they can be maintained in separate CPUs and 
seamless integrated by the Shell's supervisor. 

D. This invention includes libraries providing the prebuilt building-blocks necessary for visually 
representing the vast breath of knowledge required for building virtual models of complex systems in 
general, and of biological systems in particular. The building-blocks are classified in palettes that 
can be selected through system menus. The descriptive information and data and the mathematical 
models are all encapsulated within the modular components, in the form of attribute tables and in 
the form of component icons, with a plurality of methods are associated with each of the icons. The 
visual models are built by interconnecting components of each reservoir icon to components of the one 
or several process icons in which their entities participate as inputs or outputs, or by interconnecting 
components of each process icon to components of the one or several reservoir icons that provide inputs 
or receive outputs to that process icon, resulting in complex networks of multidimensional pathways 
of alternating layers of reservoir icons and process icons, which may be located in the same oh in 
different compartments. The time compartment icons, the reservoir icons, and the process icons or 
their components comprise sets of quantitative variables and parameters, and a set of associated 
methods that permit real-time simulations of the models created with those modular components. 
The system of this invention combines a number of programming paradigms, integrating the visual 
interface to define and constrained objects represented by icons, with procedural and inferential 
control and quantitative and semi-quantitative simulation methods, providing a variety of 
alternatives to deal with complex dynamic systems. 

E. Of importance in simulating the behavior of complex systems is the need to model the different 
quantities and states at which the entities can be found in particular locations at different points in 
time, and also to model the events that cause the transitions from one state to another, or the 
translocation from one location to another, or the progress to the next phase in the time sequence. 
Some of the important teachings of this invention comprise: the representation of those states, ' 
transitions, and locations; the methods to implement their graphic modeling; and the methods to 

' dynamically simulate the dynamics of the pools of entities in each state, location, or phase. In the 
particular domain implemented to illustrate this invention, there are several major types of states 
and transitions to be considered, depending of whether the entity to be considered is a biological 
system, organ, cell, cellular compartment, molecule or any other of their components. We are ' 
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providing here with just a few examples considered in the currently preferred embodiment of this 
invention. 

F. The architecture of the system of this invention allows various bioProcesses to simultaneously 
compete for the contents of a bioPool while also allows one bioPool to participate in various 
bioProcesses in different capacities, with different units within a bioPool behaving in different 
ways, as determined by the class of bioReactant to which they are distantly connected via the 
bioPosts. With this implementation, all bioEngines that input units into a given bioPool and all the 
bioEngines that get input units from that bioPool are integrated. At the same time, all bioPools that 
input units into a given bioEngine and all the bioPools that get input units from that bioEngine are 
also linked. The result is a very complex multidimensional network of composite bioObjects, which 
provides the matrix for further reasoning and simulation by the program. For example, the formulas 
that provide the values for the encapsulated sets of variables and parameters refer to connected 
bioObjects, both graphically or distantly, providing the capability of concurrently and dynamically 
compute as a large number of processors arranged both in parallel and in series within that matrix. 

G. The modeled system's behavior is defined by mathematical components, represented by a set of 
model differential and algebraic equations that provide the values of the system's variables and 
describe their behavior, together with the set of associated parameters that control the behavior of 
the variables and the system as a whole. The system's variables and parameters are embedded and 
distributed throughout the system of connected structures, encapsulated within the subcomponents 
that define the system's architecture. The model can then be viewed as a set of embedded block . . 
diagram representations of the underlaying equations that can be used for dynamic numerical 
simulation and prediction of the effects of perturbations on the system, and to ask what-if type 
questions. 

H. The compartmentalized bioModels, and the methods attached to them, encode knowledge that 
enables the program to reason about the containment of different parts of the model in several 
compartments, while the architecture of the network of linked bioObjects of diverse types is 
transparently maintained, regardless of the transfer of the bioObject icons to different locations. 
They also comprise quantitative variables and parameters, some relating to quantities and rates 
translocation, distributed either within the corresponding reservoirs and process or relating to time 
intervals which may be associated with the time compartments, all of which have associated 
simulation formulas to compute their values. In addition, the modeler can define expert rules to 
monitor the values of those variables while the simulation is running, and to either set other values 
or control the course of the simulation in a variety of ways. The expert rules can also reason about 
time or about events resulting from the simulation, Inference using those types of knowledge may 
direct further actions to be executed by the system. 

I. The visual interface further provides quick access to several automated methods for compiling, 
retrieving, and displaying the modular components of the visual models as well as the information 
and data they contain. The system integrates inferential control with quantitative and 
semi-quantitative simulation methods, and provides a variety of alternatives to deal with complex 
dynamic systems and with incomplete and constantly evolving information and data. A number of 
functions and visual interfaces can be selected from the menus associated with each of those icons or 
their components, to extract in various forms the information contained in the models build with 
those building blocks: 

1. A function is provided by the methods to create and display of interactive networks of pathways, by 
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programmatically integrating the components of the Virtual Model into multidimensional networks 
of interacting pathways, including branching and merging of pathways, cross-talk between 
pathways that share elements, and feed-back and forward loops; 

2. A function is provided by the methods to perform complex predefined queries that combine criteria 
related to the structural composition of the bioEnrines involved, the position of bioPoots 
downstream or upstream of the bioPool taken as reference, the role that those pool of entities play in 
processes, the location of those pools and processes in the discrete time and space compartments, or 
any combination of them. 

3. A function is provided by the methods to dynamically simulate their continuous interactions, 
modifications and translocations to other compartments, and the time-dependency of such 
interactions, optionally using the encapsulated absolute-valued or scaled-valued parameters and 
variables. 

J. The examples provided to document the current implementation of this invention focus on modeling 
biochemical regulatory processes that are relevant for intracellular or intercellular signaling. This 
is however one of the many potential applications of the system of this invention, and it should not 
be construed to limit the applicability of this system to the numerous other applications that 
involve complex systems in any other domain, which can be developed by minor modifications or 
additions of the system using the methodology here presented. 

K. There are numerous other uses of the core system, methods and visual interface of this invention, in 
addition to the monitoring and control applications described here. Of particular interest is the 
modeling and simulation of disease specific conditions and the testing the effects -both desired and 
unwanted side effects- of potential therapeutic agents. This invention also allows to analyze 
disturbances such as potential environmental or biological inducers of disease in both physiological 
and pathophysiological models. The methods included In this invention can in a similar way be 
used in a variety of applications, including but not limited to: simulation and prediction of 
experimental results; interactive drug design; study of drug side-effects and multiple drug 
interactions; simulation of interactive causes in the induction and progression of disease, including 
both biological and environmental factors; diagnostics and clinical decision support; therapy 
planning; theoretical research; and numerous other applications. 

L. The foregoing and additional objectives, descriptions, features, operations and advantages of the 
present invention will be understood from the following detailed description of the preferred 
embodiments in combination with the accompanying figures. 
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IV. BRIEF DESCRIPTION OF DRAWINGS 

FIG.l is a high-level illustration of the various components integrated in the system of this 
invention to use the virtual models for control functions. 

FIG J2 is an schematic representation of the organization in the system of this invention of the 
components of the virtual models in the domain of cell biology. 

FIG.3 is an schematic representation of the organization in of domain-specific processes in discrete 
space compartments an time compartments. 

FIG.4 is an schematic representation of the handling of the dynamics of the progression of 
populations of cells through different states by means of the sets of pools of cells and processes 
characteristic of this invention. 

FIGJ> is an schematic representation of the multiple layers of linked pools of entities and processes 
the result in the multidimensional pathways characteristic of this invention. 

FIG. 6 is a more detailed representation of how the various iconic components encapsulated in the 
icons representing the pools of entities and processes are linked in the current implementation of this 
invention. 

FIG. 7 is a detailed representation focusing on the iconic components of a process and their relations 
to its sources of inputs and the targets for its outputs. 

FIG.S is a detailed representation focusing on the iconic components of a pool of entities and its 
inputs and outputs. 

FIG.9 shows domain menus that allow different types of access to different types of capabilities, 
for the purpose of modeling or using the virtual models, here focusing on the developer mode mat 
allows developing additional tools. 

FIG.10 is the table of attributes of a complex variable structure that allows the integration of 
measured values and the simulated values that facilitates the implementation of this invention. 

FIG. 11 is a library of predefined classes of variables with associated generic simulation formulas 
associated with each class available to the modeler virtual models for a specific domain. 

FIG.12 describes the sets of attributes of the components of a reservoir, focusing on the variables and 
parameters of its model-block component- 

FIG.13 describes the sets of attributes of the components of a pool of entities, focusing on its 
variables and parameters. 

FIG.14 describes the sets of attributes of the components of a process, focusing on the variables and 
parameters of its reactants. 

FIG.15 describes the sets of attributes of the components of a process, focusing on the variables and 
parameters of its engine and products. 

FIG.16 shows domain menus of the modeler mode that allow modelers to access the different 
palettes of p rebuilt building-blocks. 

FIG. 17 shows examples of different palettes of p rebuilt molecular components. 

FIG.18 shows an example of a complex molecular structure built with the p rebuilt molecular 
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onnponents. 

FIG.19 shows a palette with examples of prebuilt model-blocks. 
FIG JO shows a palette with examples of prebuilt composite processes. 
FIGil shows a palette wiw examples of prebuilt reactants. 

FIG.22 describes the tools for interact iv ely establishing links between components mat result in 
multidimensional pathways. 

FIG.23 shows a palette with examples of prebuilt composite domain-specific compartments. 

FIG.24 describes a domain-specific compartmentalize tion of the components of a virtual model, in 
this case focusing on the sequential phases of a cell's cycle and on its subcellular compartments. 

FIG.25 describes a domain-specific implementation of compartmentalized model interacting with 
each other and with the external environment 

FIG-26 describes a domain-specific characterization of me compartmentalized model from an 
external point of view. 

FIG.27 describes a domain-specific implementation of an evolutionary tree representing the 
alternative successive states mat a compartmentalized model may follow depending on the events 
that depend on their internal processes responding to the environment, from an external point of 
view. 

FIG.28 is an schematic representation of the combination of the inference and simulation 
capabilities used in this invention to simulate virtual models of complex systems. 

FIG.29 is a detailed representation of how in mis invention pools of cells interact with pools of 
molecules as reactants of processes which products are either molecules or cells in a different state. 

FIG. 30 describes an example of the predefined Query Panels and their use. 

FIG31 describes how a user can request from any process within the virtual model the dynamic 
generation of the pathways of all the processes that are either upstream or downstream fro m that 
process. 

FIG. 32 describes an example of the predefined Navigation Panels that the user can request from 
any reservoir within the virtual model for the dynamic generation of constrained pathways of all 
the processes that are either upstream or downstream fro m that reservoir, but which are contained 
within a compartment selected by the user. 

FIGJ3 describes an example of the predefined Simulation Panels that the user can request from any 
reservoir within the virtual model the dynamic generation of constrained pathways and for the 
control of the dynamic simulation of the kinetics of those pathways. 

FIG 34 describes how such simulation can be followed by plotting the time-series of any of the 
quantitative values of any reservoir and process in the subsystem being simulated. 

FIG 35 describes an example of the predefined Experiment Panels that the user can select from the 
domain menus to request the dynamic generation of constrained pathways from multiple initial 
points and for the control of the dynamic simulation of the kinetics of those pathways. 

FIG36 describes an example of such set of pathways from multiple initial points 
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V. BEST MODE FOR CARRYING OUT THE INVENTION 
Notes 

1. The body of the present application has sections that may contain some discussion of prior art 
teachings, intermingled with discussion of innovative and specific discussion of the best mode to use 
that prior art in this invention as presently contemplated. To describe the preferred embodiments, it 
is necessary to include in the discussion the capabilities offered by the shell used as development 
and deployment framework for this invention (hereafter referred to as "the Shell"). The applicant 
specifically notes that statements made in any of those sections do not necessarily delimit the 
various inventions claimed in the present application, but rather are included to facilitate the 
process to explaining how the workings of an existing set of tools is used to illustrate the preferred 
embodiments of the new tools and applications claimed in the Qaims section. The currently 
preferred embodiment of this invention, as described in the present application, is based on the 
definitions of a particular Shell: Gensym Corp.'s G2 Expert System. There are several other 
attributes that relate to the Shell's built-in performance and formatting capabilities, which are not 
shown in those examples. Some information included within the body of this application was 
extracted from various sources describing the characteristics of G2, including user manuals, and some 
of this material is subject to copyright protection. 

A . Monitoring and Controlling the Operation of a Reactor Using a Simulated Virtual Model 

1 . The system object of this invention is a hybrid combination of model-based methods describing the 
explicit mechanistic reference behavior of the production system with the input from process sensors 
that monitor the state of the production system, triggering event-based control flow of operations . 
characteristic of each system. The system implements rules that wait for events to happen. Such 
events may be complex combinations of individual events, such as selected measured values reaching 
certain predefined or simulated values, or be within certain predefined ranges, including the . . 
implementation of fuzzy-logic within those rules. Such rules may fired other rules or invoke : 
inferencing procedures or cause certain control actions to take place. This system can detect the 
current status of the production system, and when the selected monitored variables reach certain 
values specified by the simulated values of those variables, then certain control action take place. 
This system incorporates monitoring capabilities with the knowledge-based model to provide expert 
control of the operation of the production system or biofermentor. This control system provides 
simultaneous supervision of numerous operating variables (such as intermediary or end-products, 
which in the case of cellular systems can be intracellular or secreted), and compares them with the 
simulated values of those variables resulting from the encapsulated mathematical models. 
Depending on the dynamically monitored behavior of the production system, the control system is 
able to compensate by feeding components at different rates, feeding additional components, or stop 
feeding some of the previous components. 

2. Because of the user friendly and intuitive interface, the bench scientists can participate in. the design 
of the production system by editing the knowledge base and the visual models themselves, 
incorporating information and data obtained in their own experimental research or that from other 
published resources. It allows the direct incorporation of research into the scale-up operations. The 
scientists can rapidly build models by using the paradigm Clone, Connect, Configure, Initialize. 
They select the desired building block from the many palettes provided, clone the building block and 
drop it on desired compartment, connect the building block to other building blocks in the model, 
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configure by entering values of attributes (optional), and initialize the building block to establish 
relationships with other building blocks in the model. The information and data is entered into the 
system as attributes of objects, either as user inputs, or directly from measuring devices using and 
interface between said measuring devices and the computer system. 

3. The system provides a graphical computation and control language, where the objects communicate 
through the links established between them. Some of those linkages are built in within the 
composite p rebuilt building blocks. The scientist building the model dories said prebuilt building 
blocks, as needed for each part of the model, and establishes the links between appropriate 
components within different building blocks, as needed. Other information, such as the name, 
description, references, or the values of parameters specific for each component are entered by the 
modeler in the attribute table associated with each icon. In addition, an attribute may be a 
variable. 

4. Variables in this system are themselves objects, and maybe of two major classes: a) one-valued 
variables have only one value which may be either provided during a simulation by a simulation 
formula or a simulation procedure, or can be inferred by any other means, such as rules or general 
formulas denned by the modeler; or b) two-valued variables have two values: the simulated-value 
may as before be either provided during a simulation by a simulation formula or a simulation 
procedure, or can be inferred by any other means, such as rules or general formulas defined by the 
modeler, and the measured-value is provided in real time through an external sensor mapped to said 
variable. The one-valued variables are used in such components by default because of their smaller 
footprint, and their values are provided by default by generic simulation formulas that are specific 
for each class of variable. However, the modeler can replace them with the equivalent subclasses of 
two-valued variables for each instance of a component where the variable is mapped to an external 
sensor, and when both the measured valued and the simulated value of such variable is desired. The 
modeler can also write specific formulas for any desired instance of a variable, which then overrides 
the default generic formulas. It is possible, through any of the inference mechanisms to compare the 
measured value and the simulated-value, (either the current values or the mapped at some time 
point in the past, since the system is able to keep a time-stamped history of both types of values), 
and take specified actions when the inference criteria are met. Such actions include, but are not 
limited to: cause for a valve for a component feed to be more or less open or closed, activation or 
deactivation or whole branches of the model pathways being simulated. Such actions can 
alternatively be invoked as a result of comparing either the measured-value or the simulated-value 
to any predefined constant value or range of values, or the value of any other variable or parameter 
in the system. Or the action or set of actions could result from inferences involving any number of 
comparisons between measured-values or simulated-values for any number of variables, or any 
number of parameters, or any predefined constant values. 

5. As shown in FIG.1, the system system of this invention is composed of: 

a ) a reactor (102) which may comprise any combination of reaction tanks, fermentors, bioreactors, or 
other processing units; 

b) one or more data acquisition devices (108) which may comprise any combination of hardware and 
software devices, such as sets of sensors (106) that measure the amounts of selected chemicals in the 
reactor, signal transducers, filters, amplifiers, data acquisition boards, appropriate device drivers, 
or any other required devices; ~ 

c) one or more computer systems (112) comprising CPU, memory, storage device, display, user input 
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device, linked (110) to the data acquisition devices (108); 

d ) one or more computer programs (1 14) and one or more computer Virtual Models (1 16) of pathways of 
chemical interactions and other processes in the reactor (102), wherein the computer programs (114) 
and the Virtual Models (116) are used to quantitatively or semi-quantitatively simulate in 
real-time the Virtual Models (116), wherein the Virtual Models encapsulate one or more variables 
(118) that represent the quantities of certain entities in the reactor(102) and one or more variables 
(128) that represent the quantities of certain entities or that represent certain events which when 
reaching certain values during the simulations of the Virtual Models (116) by the computer programs 
(114) trigger certain control actions that affect the operation of the reactor (102), and wherein both 
the computer programs (114) and the Virtual Models (116) are loaded in the memory of one or more of 
the computer systems (112); 

e ) one or more monitoring interfaces (120) loaded in the memory of one or more of the computer systems 
(112), which act as bridges or software interfaces between the data acquisition devices (108) and the 
computer programs (112) and allow passing of values (124, 126), such as the values of the amounts of 
certain entities in the reactor (102), as measured by the corresponding sensors (104), to the 
corresponding variables (118) embedded in the Virtual Models (116) that represent said amounts; - 

f ) one or more controller devices (138) which regulate the operation of the reactor (102), such as 
controlling the flow of certain inputs (142) to the reactor (102), wherein the controller devices (138) 
are linked (136) to the computer systems (112); 

g) one or more controller interfaces (130) loaded in the memory of one or more of the computer systems 
(112), which act as bridges or software interfaces between the computer programs (114) and the 
controller devices (138) and allow passing of control signals generated by the computer programs 
(114) as a result of the values of any combination of any number of variables (128) embedded in the 
Virtual Models (116) reaching certain values. 

6. F1G.1 also shows the directions of flow of data and control in the system of this invention. The 
amounts of certain entities, which are specific for each particular process design, are captured (104) 
by the corresponding set of biosensors (106) and, through the data acquisition devices (104), those 
values are passed (124) to the monitoring interface variables, which in turn pass those values (126) 
to the corresponding variables (118) in the Virtual Models (116) that represent those values. Those 
variables (118) are integrated with many other variables and parameters embedded in the Virtual 
Models (116) during the real-time simulation of the Virtual Models (116), including other variables 
(128) embedded in the Virtual Models (116) that represent quantities, rates, or other events, and 
which are monitored by the programs (114) during the simulation. Whenever during the simulation 
the values of any combination of any number of said monitored simulated variables (128), which are 
specific for each particular process design, reach certain values, then the programs (114) pass control 
signals (134), through the appropriate control auxiliary structures (132) in the controller interfaces 
(130), which are forwarded (140) to the controller devices (138), which in turn control the flow of 
inputs (142) and regulate (144) the operation of the bioreactor (102), which is being monitored (104) 
in a continuous manner. 

7. Depending on the application requirements, the interfaces may provide bridges to Supervisory 
Control and Data Acquisition (SCADA) systems (such as the HP's RTAP SCADA or others). 
Distributed Control Systems (DCS) (such as Honeywell TDC3000 DCS or others) or Programmable 
Logic Controllers (PLCs) (such as Allen-Bradley's PLC3/PLC5 families, or others), with the 
adequate protocol drivers, as well as to relational databases, object-oriented databases, ASCII files, 
as well as to a number of other connectivity applications, allowing the program to send or receive 
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values over said interface. The program (114) and the interfaces (120, 130) are separate processes 
which may be located on one or more host computers. In the later case, a communications link, such as 
a TCP/IP or DECnet protocols based link and port, is required. The program can also use various 
interfaces simultaneously, linked to different types of devices. The interface serves as a bridge 
between selected variables embedded in the objects of the Virtual Models and their corresponding 
mappings in one or more external systems. Functions defined in the interface can be invoked by remote 
procedure calls (RPCs) defined in the program, and vtceversa. 

8. The ideal system for the intelligent control of biotechnical processes must posses a large set of 
features reflecting the real-time aspects of the control system, as well as the specific characteristics 
of the biochemical processes involved. There are a variety of new sensor technologies which may be 
used to provide the monitoring capabilities external to the Virtual Models. Furthermore, the system 
of this invention allows to integrate a variety of real-time control options with the ability to use 
mechanistic models to drive the automatic decision making support for process control. 

9. The knowledge-based Virtual Models include model-based reasoning that models the dynamic 
behavior of processes on the reactor. This mechanistic approach may involve any number of 
variables to be monitored, including those measured and monitored in the reactor and those 
simulated and monitored in the Virtual Models, which are both used as inputs for the inference 
engine to be compared against each other or against other specified values, and which meeting the 
specified conditions trigger actions that result in control operation on the reactor. The Virtual 
Models provide a visual qualitative and quantitative description of processes that happen inside of 
the reactor, as well as a description of the participants in those processes. In some cases, the reactor 
may contain chemicals in solution or bound to other structures, such as carriers or membranes. In other 
cases, the reactor may contain less defined mixtures resulting from cell extracts. Yet in other cases, 
the reactor may contain cells or one or more types, interacting with each other and with their 
environment, the culture medium, where each of such cells is an reactor itself that interact with ■' 
other cell reactor. The system of this invention provides capabilities to produce more or less - ■ ; 
detailed Virtual Models of any of those types of reactors, or Virtual Models of subsystems within 
such reactors. 

10. The program provides a domain-specific framework for continuous and discrete process modeling and 
simulation, which combines a hierarchical object-oriented representation to provide facilities for 
hierarchical systems modeling to handle multi-dimensional information, model-based and 
knowledge-based reasoning, temporal inferencing, and dynamic real-time monitoring and control. 
Furthermore, the system of this invention separates the representation of the physical systems as 
Virtual Models from the monitoring and control aspects, allowing to integrate the same Virtual 
Models with different combinations of monitoring and control designs, to solve different production 
needs. 

11. The present invention refers to a domain-specific, application-independent, knowledge-based and 
model-based, object-oriented, iconic, real-time computer system capable of being used by scientists as 
a framework to construct specific and interactive information, modeling and simulation applications 
in the chemical and biochemical domains. The present invention also provides a variety of 
domain-specific, application-independent tools, graphical interface and associated methods to 
provide users the capability to extract, interactively or automatically, the integrated knowledge 
contained in those applications or models build by the modeler, and to further use those models, 
among other uses, to navigate through the pathways of processes and explore those processes and 
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their participants, or for quantitative real-time dynamic simulations. The computer system 
comprises a plurality of methods, hereinafter called 'the methods" and diverse sets of objects, some 
of them representing either entities or concepts, hereinafter called bioObjects, and other representing 
other auxiliary structures, which in general are referred as tools. Objects are arranged in object-class 
hierarchies and workspace hierarchies. Methods may be associated with a class of objects, an 
individual instance of a class, or a specified group of instances within a class. Libraries of prebuilt 
knowledge-based generic bioObjects are provided as the building blocks that can be combined in 
prescribed ways to create diverse and new knowledge structures and models. 

12. In the description of this invention, the following clarifications should be noted: 

a ) a person using the underlaying Shell to define the domain-specific application-independent but 
knowledge-based classes of objects, their associated methods, and the prebuilt knowledge-based 
building blocks is hereinafter referred to as a "developer", while the person using those building 
blocks to build application-dependent models, or expanding the libraries of prebuilt bioObjects, is 
hereinafter referred to as "modeler", and the person that extracts and uses the accumulated 
knowledge and runs simulations, is hereinafter referred to as a "user". 

b) text expressions are case insensitive, and what is referred in the description as bioObjector 
bioProcess, may be referred to in the code as bio-object or bioprocess, or the names may appear in the 
code in low case or all capitalized; 

c) a window refers to a display of the program on a computer screen, while a workspace refers to one of 
the many containers of objects that may be displayed within a window, and the subworkspace of an 
object is the workspace (only one) that may be associated with that object and may contain the 
components of that object (composite object); 

d ) the selection of a menu option is equivalent to clicking on that option, and both expressions are used 
in the following description of this invention; 

e) expressions similar to "selection of option A displays B" is a short form meaning something similar to 
"selection of option A causes the invocation of the action or procedure specified in the definition of 
option A and, as a result of the execution of such action or procedure, B is displayed in the window 
from which option A was selected" 

13. The preferred embodiment of this invention integrates a variety of knowledge representation 
techniques, as required for creation of virtual models of complex systems. The accuracy and validity 
of knowledge-based systems correlates not only with the quality of the knowledge available to the 
modelers but also with their ability to understand, interpret and represent that knowledge. The 
object-oriented approach provides a powerful knowledge representation of physical entities (such as 
organs, cells, DNA, enzymes, receptors, ligands, mediators, or ions) and conceptual entities (such as 
processes and cellular interactions, quantities and rates). In this system, data and behavior are 
unified in the objects. Two characteristics of object-oriented environments, encapsulation and 
inheritance, are very important for the design and implementation of the system of this invention. 
Objects are defined following class hierarchies in which the definition of each class specifies the 
types of attributes characteristic of all subclasses and/or instances of that class. Encapsulation 
permits to hide the details behind each object, and encapsulation is implemented in two different 
forms: a) at the attribute level, is the standard form of encapsulation of object-oriented approaches; 
and b) at the workspace level, a less common form of encapsulation related more to the iconic 
approach. Multiple levels of workspace encapsulation are supported, allowing modules with a 
mulniayered structure with increasing levels of detail. Since the subworkspace is not inherited 
through the class hierarchy, neither are the components. However, once a generic instance for a class 
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is completed with components in its subworkspace, it can be added the corresponding palette as a 
prebuilt building block, and the resulting composite object can be cloned, in which case all 
encapsulated levels of subworkspaces are also cloned. The interpreted domain-specific framework 
approach is easy to use and allows rapid building of iconic models. The domain-expert knowledge is 
represented in an easy to understand declarative from, separated from the methods that specified 
how that knowledge is used by the program. The iconic approach allows the user configuration for 
building of models to consist primarily of connecting iconic objects and filling out their tables of 
attributes. The visual framework enables reasoning about the interactions between objects and their 
compartmentalization. This graphical programming capability is particularly important because it 
allows the continuous expansion and modification of the system, necessary for this type of 
applications, by scientist modelers with no programming skills. Its modularity allows to delete, 
modify or create parts of the system without affecting the operation of the rest of the system. The 
knowledge can also be extended and reused under different contexts, and in different new 
applications. The same hierarchic architecture used to develop the bioObjects can be extended by 
the modeler to expand the libraries of bioObjects, creating new objects or by cloning, configuring and 
modifying existing ones. With its iconic format, the system can be easily browsed and understood by 
the user. 

14. The principle followed in the design and implementation of this invention is the breaking down of 
the knowledge about entities, processes and pathways down to smaller functional units, to a level 
where the following requirements can be met: a) allowing their repeated use as building blocks in a 
variety of situations; b) allowing access to the structures and processes that are susceptible to control 
and regulation; and c) keeping the number of units manageable. Those functional units, hereinafter 
called composite bioObjects, are further broken down into operational and standardized knowledge 
and data structures. These generic but domain-specific iconic objects add flexibility and allow the 
user to open the tables of individual instances to input data, modify existing bioObjects, or create new 
types of bioObjects. Following such principle, the system of this invention comprises a variety of 
domain-specific knowledge structures, all encoded as objects, which are either: a) iconic bioObjects on 
workspaces, b) standard graphic user interface objects such as buttons, data displays or input panels, 
c) non-iconic objects which are either pointed to as attributes of other objects, such as domain-specific 
variables, parameters, lists or arrays, or d) methods, which refer to the bioObjects or their attributes 
or their components, such as actions, formulas, relations, rules and procedures, and which can be 
invoked interactively by the user from either the bioObjects or their components or from the standard 
graphic user interface objects, or invoked programmatically by other rules or procedures, and which 
are hereinafter referred to as the associated methods. It is an object of this invention the manner in 
which the combination of those types of knowledge structures encode, in a distributed form, the data 
and the knowledge that enables the system to compute and to reason about conditions and events 
defined by the developer, the modeler, any other external source, and/or generated during a dynamic 
simulation. Based on those conditions, the knowledge structures are used by the Shell to inrcr or 
simulate different behaviors, while data, information and/or control are propagated and actions are 
executed. As can be observed by comparison of the prior art previously discussed with the 
description in the sections to follow, the form of knowledge representation in the iconic models, 
libraries of composite bioObjects, graphical interface and associated methods, and the overall 
organization of the system object of this invention offer a very different and innovative approach 
that not only integrates the qualitative and quantitative description of chemical and biochemical 
objects with a set of state and dependent variables, such as amounts and rates, but also incorporates 

16 



WO 96/22575 PCT/US96/00883 
temporal reasoning and generates dynamic simulations. 

15. Therefore, one innovation of the present invention is the iconic interface and associated methods used 
to partition the domain knowledge into modular and interactive knowledge structures represented as 
iconic objects, the connections, interactions and relations between those structures, and their 
behavior, incorporating declarative and procedural information. Each independent functional iconic 
building-block, a composite bioObject, comprises a set of iconic bioObjects and other objects and 
represents either: 

a ) the descriptive characterization of single units of molecular entities, molecular subcomponents, or 
molecular complexes, hereinafter called in general bioEntib'es; 

b) the aggregation of a number of units with the same characteristics, defined as a population of such 
molecular entities or molecular complexes in specific states, hereinafter called a bioPool, which 
together with the potential inputs to and outputs from such bioPool is encapsulated in what is 
hereinafter called a bioReservoir;' 

c) the interactions between fractions of different such populations of molecular entities or molecular 
complexes, or their transitions from one molecular state or discrete compartment to another over time, 
hereinafter called bioProcesses. 

d) the organization and integration of networks of pathways composed of sets of connected 
bioReservoirs and bioProcesses organized in compartments, hereinafter called bioModels. Such low 
level bioModels can be further organized in discrete location and time compartments, representing 
the subcellular organelles and the phases of the cell cycle respectively, which are themselves 1 
components of higher level compartments representing single cells. All those types compartments are 
themselves bioModel subclasses at different levels of complexity and detail in a hierarchy of 
subworkspaces. 

16. BioObject, a subclass of the class objects provided by the Shell, is the superclass at the top of various 
hierarchies of classes of objects such as the class hierarchies below bioEntity, bioReservoir, 
bioProcess, bioModel, and others. Each instance of a class is characterized by the set of attributes 
defined for the class, which can be inspected in the table of attributes attached to each object by 
selecting it with the mouse. Some attributes define configuration information, while other attributes 
describe the composition and characteristics of the object, and still others hold dynamic state 
information, such as the current value(s), data histories, and status. The value of some attributes of 
an object such as the variables and parameters, can be dynamically modified at runtime. 

17. The knowledge-based modeling and simulation system of this invention interprets the information 
and data contained in the BioObjects' data structures, based on additional knowledge contained in 
the form of rules, formulas or procedures. Model-based knowledge is integrated and encapsulated in 
the structural, functional and behavioral models represented by the virtual iconic models or 
bioModels. Those virtual models are defined qualitatively by the locations, connections, and 
relations of their components, and quantitatively by their encapsulated mathematical models. The 
constants, parameters and variables that define those models are distributed through the different 
types of bioObjects, defined as their attributes, and the corresponding formulas and functions relate 
those data structures to others and characterize the particular system. The system integrates 
propagation of values, inference and control throughout the pathways. Model-generated results are 
used as input information for the inference engine, and dynamic models can also reason about the 
historic values of its variables as well as projecting values of variables into the future. All those 
different types of knowledge are added by human domain experts to incrementally build an 
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integrated Virtual Model. 

18. In the current implementation of this invention, the variables embedded in the model that are set to 
get values from the sensors (such as the concentrations of the corresponding bioPools) inherit their 
properties from two parent classes: a class of float-variable and a class of interface-data-service. 
One of the attributes of the later class is Interface, which value defines the interface that will 
provide the current value for such variable The value for such variable, the same as for any other 
variable in this system, can be set to be evaluated at set intervals, or it can be set to its value having 
a value that expire after a set validity interval. When the inference engine seeks the value of said 
variable, either at the preset update intervals or when such value is needed but has has expired, a 
request if set to the specified interface to provide a value. Such variables are registered in the 
interface. After the interface is set-up, when the start_interface function is called by the program 
and the connection established between the interface (107) process and the computer program (115) 
process, the functions executed by the interface comprise: trtitialize_context (initializes the 
connection between the program and the interface), pause_context, resume_context, 
shutdown_context, receive_registration (called when the program seeks to map for the first time a 
variable to an external data point); receive_deregistration 4 poll_for_data (checks periodically 
which registered variables need updating, retrieved data values available, packages the data into 
the data structure used by the return functions, and sends the data back to the program (115); 
get_data (called when the program requests data service for one or more registered variables); 
set_data (called when the program executes one or more set actions within a rule or procedure, it 
sends a request to the interface to set the external data point to which the registered variable is 
mapped, it also may call interface return functions to change the value of the registered variable 
after its corresponding value in the external system has been changed). The interfaces perform also 
many other functions related to passing objects and messages, checking data types, and several other 
API functions. 

19. In the current implementation of this invention, methods such as procedures, rules, formulas and 
relations, defined in a structured natural language, may apply to a single instance or a group of 
instances, or to a class or a group of classes, and they may include references to connections and to 
connected objects. Methods may refer or apply to the values of attributes at different time points or 
to the behavior of variables or parameters over time. They can perform in response to: a) given 
events or conditions, b) at predetermined time intervals, or c) upon request from other rules or 
procedures. Methods can be executed in real-time, in simulated time, or as fast as possible, 
implementing different strategies concurrently and over extended periods of time. Arithmetic and 
symbolic expressions can be used independently or combined, and dynamic models may include from 
non-linear differential equations to logic expressions to simulate both analytic and/or heuristic 
behavior. 

20. The following sections will also discuss various of the innovative teachings of this invention which 
refer to methods and tools used to retrieve and display the stored information and data, 
encapsulated in graphic and interactive models of complex molecular mechanisms and pathways, 
allowing to: 

a ) interactively navigate through those pathways; 

b) perform queries that refer to: a) the functional modular structure of the bioEntities involved, b) the 
position of bioPools downstream or upstream of the bioPool taken as reference; c) to the location in 
cellular compartments of the processes in which those bioPools of bioEntities participate, d) any 
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combination of the previous three; and 
c) dynamically simulate the kinetic interactions between the bioReservoirs and bioProcesses, to mimic 
the regulation and function of cellular systems. 

21. The system of this invention can be implemented layered on top of any advanced real-time 
object-oriented expert-system development environment or shell that support the methodologies 
described throughout this application, or it can also be developed in total or in part from scratch, 
parting from any combination of hardware and software platforms, either already existing or 
developed for this or other purposes, that provides the capabilities and means required for this 
implementation. In particular, and for the purpose of illustrating a preferred embodiment of this 
invention, this system is currently implemented on the Version 3.0 or Version 4.0 of G2 Real-Time 
Expert System (G2) shell, an object-oriented development and deployment system produced by 
Gensym Corp. of Cambridge, Massachusetts, and hereinafter referred to as the "Shell", which 
supports dynamic simulation and temporal reasoning. While many of the underlaying capabilities 
referred to below are common to other static or real-time expert-system development environments, 
some capabilities may be currently specific for G2, but equivalent capabilities can be expected to be 
developed by others. This Shell currently runs on several UNIX-based platforms, and it is being 
extended to Windows NT. For detailed information about the underlaying capabilities of this 
system, Gensym Corp. should be consulted. Among the the generic, domain-independent, tools and 
capabilities provided by the Shell, are: 

a ) a proprietary structured natural language, supported by a pop-up text editor, for encoding the object 
definitions as well as rules, procedures, functions, relations, formulas and values; 

b) a graphical language, supported by an icon editor, based on a visual representation of connected icons, 
and the capability to associate workspaces with objects, which allows the organization of 
knowledge at different levels of detail in objects within objects, each represented by icons. The Shell 
also allows to reason about those iconic objects, their connections, and their locations in the 
workspace hierarchy. Distant connections can be also maintained, and reasoned about, between 
objects in different workspaces. 

c) an inference engine, which interprets relations, functions, rules and procedures; 

d) a simulator, which may compute the values for three types of linear or non-linear systems: 

• dependent variables or parameters, from algebraic equations; 

• discrete-state variables or parameters, from difference equations; or 

• continuous-state variables or parameters, from differential equations. 

e) a supervisor, which controls operations, such as task prioritization, asynchronous concurrent 
operations, and real-time task scheduling. Other real-time features include time stamping and 
validity intervals for data, history-keeping, and real-time data interfaces; 

f) a set of predefined generic object classes; 

g) several inference methodologies, such as data-driven, event-driven, goal-driven or time-driven 
capabilities; 

h ) a graphic user interface development environment to create: 

• user controls such as action buttons, radio buttons, check boxes, and type-in boxes; and 

• graphic displays such as readout-tables, graphs and charts. 

i ) dynamic messages, to pass information to the developer and user; 

j) an inspect facility, with various capabilities used in this invention to allow developers and users to: 
a) show on a workspace the class hierarchies of any specified class, or all the members of any 
specified class, as well as the workspace hierarchy of any specified object, or the module hierarchy; 
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b) go to any specified object in the knowledge base, displaying that object in the center of die screen; 

c) search for a set of objects that fit a set of specified characteristics; d) highlight or replace any 
word or expression within any specified class; and e) write to a file the text of the table of attributes 
of any named item, or of all the items upon a named workspace. 

k) a describe facility allows, through the "describe'" menu option of any object to find out the relations 
between objects or the elements of dynamic lists, making possible to go to the icon of each element of 
the list, which provides a very useful facility to navigate to objects selected following desired 
criteria used to fill the list. 

1 ) a tracing and debugging facility facilitates such developer's tasks; 

m) the capability of breaking an application into a hierarchy of dependent modules; 

n) the message board manage text messages generated by the system, such as configuration error 
messages, prompts generated at run-time, or explanations requested by the user. The system of mis 
invention also use those facilities to generate messages that show up on the screen to indicate a wide 
variety of abnormal conditions appearing during modeling or simulation, such as all those 
expressions used in many procedures listed in the tables as: inform the operator that "...". 

o) support for distributed applications, by allowing different knowledge-base modules to be located in 
several workstations. Communication between distributed modules is handled transparently by the 
Shell's built-in network protocols. A simulation application can be distributed among several 
workstations when the knowledge-base is distributed as well, allowing computer resources to be 
adjusted to achieve the necessary performance. 

22. The Shell also provides a predefined object class, called "object-definition", which iconic instances 
have a table of attributes that provide frames or templates to define the characteristics of new 
classes of objects, such as: a) the names, types and default values for new attributes for that class, 
which are added to, or overriding, the set of attributes inherited from the superior class; b) an icon 
specific for that class, which can also be inherited; and c) the stubs that define the types of 
connections specified for that class. Instances of the so defined classes can be created: a) 
programatically, in which case they are transient when created, but can be transferred to a 
workspace and them be made permanent; or b) by selecting the "create-instance" option from the 
menu of object-definition, which creates an iconic instance of that class that sticks to the 
mouse-pointer and can be dropped by clicking on a workspace. Additional instances can be also 
created by selecting the "clone" option from the menu of a previously created instance. G2 provides 
an inference engine that operates on information from different sources, such as: values compiled in 
the knowledge base, simulated values, and values received from the user, sensors or other external 
sources, and responds to events from the user, simulator, or external data servers. 

23. Each variable has an attribute called data-server, which value determines how said variable 
receives its value. Options are the inference engine (the system gets the value from an specific 
formula, a generic formula, or a data seek, in that order), the simulator (the system gets the value 
from an specific simulation formula or a generic simulation formula, in that order), or interfaces to 
external monitoring devices, databases, or file systems. By default, in he current implementation of 
this invention, the variables are simulation variables, which means that their data-server is the 
simulator. A simulation variable may have two values: the current value may be optionally 
provided by inference engine or one of the interfaces, while the simulated value is provided by the 
simulator. Or it may have the current value provided by the simulator, in which case it has that 
such value. In those particular instances where the variables correspond to substances that are being 
monitored in the reactor, the variables are then set to receive two values, the current measured 
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value, provided by the external sensors through the appropriate interface, and the simulated value. 
The non-simulated values may be set to expire after a desired period of time, so that the inference 
engine seeks a new value when needed. Different part of the simulation may run at different times, 
as desired. The time interval for a simulation may be specified at 4 different levels, in the following 
order of priorities: each variable may have its own update time; each generic simulation formula 
may have it own time increment, which applies to the group of variables to which said generic 
formula applies; the simulation-model has its update interval which applies to all the variables 
included in said model; and finally, the whole knowledge-base has a default simulation time 
increment that applies when none of the other have been specified. 

a ) The current implementation of this invention allows the inclusion of fuzzy-logic statements, such as 
if ( y < 6 (+-3) ) /= ( z > 4 (+-2) ). Fuzzy truth expressions are available only in the inference engine, 
rules, and procedures, while the simulator only uses discrete values. Fuzzy operators comprise is 
more true than, is less true than, is hot more true than, is not less true than, =, and /=. The fuzzy truth 
values are assigned to expressions with a fuzzy truth band in parenthesis, such as: the concentration 
of receptorl > 0.8 (+-02). The truth-threshold is set for the inference-engine as a whole. For 
example, if said threshold is set to 0.7, for the antecedent of a statement to be true it must be greater 
than or equal to 0.7. 

b) The current implementation of this invention allows the sequential addition of inputs to the reactor, 
at a time and in amounts that are appropriate for the current status of the biochemical processes 
within the reactor. In the particular example below, it is expected that the concentration of 
receptorl expressed on the cell surface, which is available for detection by the receptorl-sensor, is 
induced at some point by some other internal events that happen inside of the cell. Such internal 
events are the result of complex interactions, in turn induced by the occurrence of some combination of 
previous events, including those events induced as a result of some previous addition of some other 
ligand, or any other chemical or combination of chemicals, controlled by one or more other pumps 
controlling inputs to the reactor. This fine control based on the knowledge about the mechanisms 
involved, avoids, for example, to add costly ligandl to the reactor at a time when the cells are not 
ready to use it, with the likelihood that it will be destroyed by other enzymes, and the risk that it 
will not be anymore active when the cells become ready to make use of it at a later time. It also could 
prevent that ligandl may exert damaging effects to the cells when provided when cells are in the 
wrong state, as it has been demonstrated for various compounds that induce programed cell death 
when signal from said compounds are transmitted to the cell in the absence of other required signals. 

24. An example of control statement using fuzzy-logic: "if the average over the last 3 minutes of the 
concentration of receptorl > OS (+-02) and the average over the last 3 minutes of the concentration of 
Hpndl < 0.5 (+-0.1) and the average over the last 3 minutes of the flow-of-pump-Ll = the 
flow-of-pump-Ll then conclude that the flow-of-pump-Ll = the flow-of-pump-Ll * 12 and call 
adjust-flow-of-pump(flow-of-pump-Ll)", wherein: a) the concentration of receptorl and the he 
concentration of ligandl are variables coupled to the corresponding sensors for those substances in the 
reactor, which are monitoring devices external to this system; b) the statement "the average over 
the last 3 minutes of the flow-of-pump-Ll = the flow-of-pump-Ll" prevents additional changes in 
the flow for an specified period of time, to allow the system to adjust to the last changes; and c) 
adjust-flow-of-pump(flow-of-pump-Ll) is a remote procedure call that activates the external device 
that controls the pump controlling the delivery of ligandl, while passing the~value of the variable 
flow-of-pump-Ll to it. 
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a ) In an alternative implementation, the bioPools of the components that regulate critical cellular 
events, or of those that are monitored in the reactor, may have an additional attribute defined as a 
fuzzy logic parameter which value can then be accessed by different monitoring/control statements. 
Fuzzy values may take values from -1.000 true (certainty of being false) to 1.000 true (certainty of 
being true). The value of said parameter could be provided by a rule, or by a generic or specific 
formula defined by the modeler, which is dependent on either the measured or simulated value of 
the corresponding concentration variable, as preferred. For example, said fuzzy attribute may be 
called "availability", and its value could be provided by a rule, such as:"if the concentration of any 
substrate S > the Michael is-constant of S / 2 (+- the Michaelis-constant of S/2 ) then conclude that 
the availability of S is true". 

• This means that whenever the concentration of any given substrate is greater than or equal to 85% of 
its Michaelis-constant. with the truth-threshold set to 0.7, then said substrate is considered to be 
available (availability is 0.7 true) under this setting. If the concentration of said substrate is 
smaller than 85% of its Michaelis-constant then it is considered to be not available (availability is 
less than 0.7 true), and if the other conditions have been met, it would cause the flow-of-pump-S to 
be increased. For example, the monitoring/control rules would refer to such fuzzy logic variables 
being true or false, and would allow the modeler to modify the rules for single or groups of 
bioReservoirs, without the need to modify the control rules, such as: "if the average over the last 3 
minutes of the availability of receptor 1 is true and the average over the last 3 minutes of the 
availability of ligandl is not true and the average over the last 3 minutes of the flow-of-pump-Ll = 
the flow-of-pump-Ll then ... " 

+■ In addition, the current implementation of this invention allows to: 

- a) use the simulated Virtual Model to entirely take control of when and how the inputs are added to 
the reactor, (or the outputs, such the culture medium or cells, removed); 

- b) synchronize the simulated model to the processes in the reactor, by allowing certain critical 
measured values from the reactor to provide the values for their corresponding variables in the 
simulated model, which are then used by other dependent variables and propagate down the 
simulated model. Such synchronized simulated model is the used as described in a). 

B . The Virtual Model : Domain Specific Knowledge Representation 

1. The computer system, methods, and interfaces that are the objects of mis invention can be applied to 
visually model and quantitatively simulate any type of complex system involving any type of 
processes and their participants. The set of palettes of prebuilt building blocks provided should 
reflect the needs of the particular domain in order to facilitate the tasks of the modeler, permitting 
the basic paradigm of "Clone, Connect, Configure and Initialize" and other automated methods. A 
library of prebuilt query panels and other panels, such as navigation, simulation and experiment 
panels facilitate the tasks for users to rapidly extract and dynamically use the knowledge and data 
contained in each specific application. The description that follows is based on one particular 
domain, that of biochemistry, to illustrate one of the implementations of such computer system, 
methods, and interfaces. However, similar computer systems, methods, and interfaces can be 
implemented in a similar manner for domains other that of biochemistry. For example, in a business 
domain, what in this description is called bioEntities can be substituted with different types of 
entities, such as employees or projects, and bioProcesses can be substituted with the different 
activities in which both interact, the bioReactants with the roles they play in such activities, 
which frequently may involve other participants. Employees are like enzymes, with the more 
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capable having higher rate-constants. Projects are like the substrates, and employees may have 
higher affinities for some projects, with a likelihood that they will interact in a process in which a 
quantifiable measure of the outcome, such as quantity or level of quality, will depend on quantifiable 
measure of the employee, lets say amount of time put on that project and level of specific experience. 
The bioPool of each employee could represent his/her time, and the max-amount could be set to a 
day, a month, a year, or any other amount. The Contribution to each project would be the amount of 
time invested in that role, while the different activities will compete for the time left available. 

2. In the remainder of the description of this invention, the focus will be on biochemical systems, which 
are complex, hierarchical, heterogeneous and non-linear systems, involving an interplay between 
the processes of transport, reaction and conformational change. They are regulated by cybernetic 
flows of information. The system object of this invention uses a kinetic approach to model these 
chemical and biochemical systems, rather than a thermodynamic interpretation, although 
thermodynamic variables are also included to allow modification of the behavior of the kinetic 
system. The current approach, which focus on the amounts of entities, such as concentrations, 
densities, scaled-amounts, or other quantities of each bioReservoir's bioPool of cells, molecules, or 
molecular complexes, in a particular state, as a continuous function of time, and on specific 
coefficients or on rate constants that, in conjunction with the current values of those amounts, define 
the velocity of a bioProcess's bioEngine, and the rates of consumption of certain bioReactants that 
participate in such bioProcess or the rates of production of its bioProducts, which are dependent on 
such velocity and specific stoichiometric coefficients, and which are equivalent to the rates at' 
output and input from their connected bioPool, respectively. This kinetic approach is closer to the 
way of thinking of biochemists and molecular biologists. ■-■ 

3. The cellular representation in this invention aims to reproduce the fact that function is not inherent 
in any one component of the cell, but rather emerges from the cooperation of many components, which 
depend on compartmental organization and functional relationships, and deals with multiple levels 
of biological and biochemical structural complexity, such as physiological systems, organs and their 
compartments, cells, subcellular organelles, and molecules. The schematic representation on the left 
side of FIG.2 shows an abstraction of the types of molecular and cellular relationships and 
interactions that are modeled and simulated, with unlimited levels of encapsulation being an 
important feature exploited by this system, allowing to start dealing with a topic with a high-level 
representation, and then successively "clicking" into objects of interest, to show the next level of 
detail. This high-level example, at a low-level of detail, can be summarized by what a biomedical 
expert could describe as "Oncostatin M (201) is a biological response modifier which induces different 
responses on different cell types: a) it induces certain classes of cells (202) to secrete the cytokine IL-6 
(203); b) it induces differentiation of primary, coblestone-like AIDS-KS cells (204) into mature 
spindle-like AIDS-Ks cells (205), which in turn are capable of long-term growth in agar when c) both 
Oncostatin M and IL-6 are present". This statement and its graphic representation combine 
knowledge at very different levels of detail, equivalent to the way human mind can abstract 
knowledge. For instance, it deals with both molecules and cells as cell-entities as if they were 
similar types of structures, when in reality that is very far away from the reality. Cells are 
composed of thousands of different types of molecules. In some cases, the overall pathway within 
the cell can be known to some extent while in others the mechanism of a biological response may be 
totally unknown. 

4. The system of this invention can be described in very similar terms. On the one side, bioPools of cells 
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and molecules can interact with each other, in any combination in a variety of bioProcesses, as shown 
in FIG32 and described in more detail later. On the other side, as schematically shown on the right 
side of FIG-2, the components of each type of cell can be modeled and analyzed at increasing levels of 
detail, as contained in various layers of bioModels (202 - 212, 216-217), until at the end of the layer 
hierarchy, the single bioProcesses (214) are represented, and their associated bioReservoirs (215), 
which point to their associated bioEnbties (not shown). In general, the signals transmitted by the 
cellular signaling or regulatory pathways progress within each cell in repeated cycles, driven by 
external and internal events, and sometimes time in a synchronous way, and they may extend from 
cell to cell, some times activating the producer cell as well. An typical but simplified high-level 
example of a cellular signaling pathway driven by a certain agonist, such as Oncostatin M, is shown 
in FIG.2 as: agonist (201) -> receptor activation (206) -> signal transduction (207) -> gene 
transcription (208) -> mRNA processing (209) -> protein synthesis (210) -> secretory protein 
processing (211) -> transport -> (receptor activation). By clicking again and again on objects at each 
level, one can focus on specific areas at the desired level of complexity. In the one example shown in 
FIG.2, this multiple encapsulation process has been abstracted. It illustrates a cell-bioProcess in 
which, after a cell (202) has been activated by Oncostatin M (201), the secretion of interleulcin IL-6 
(203) is induced, but only after the sequential activation of numerous biological processes 
(bioProcesses) (214) , involving numerous pools (bioPools) (215) of biological entities (bioEntities), 
contained in bioReservoirs, which are encapsulated in this simplistic example within lower-level 
bioModels, each representing one the major group of steps of the pathway mentioned earlier (206 
through 21 1 ). Clicking on any of these bioModels, such as DNA-transcription (208) or - « • — > 
secretory-protein-processing (211) displays their subworkspaces (212 and 216 respectively), which 
may in turn contain a set of other bioModels (such as those superior to 213 and 217), and the process 
can be repeated any number of times, until reaching bioModels composed of sets of bioProcesses (214), 
and their related bioReservoirs (215). 

5. To represent biochemical systems it is necessary to refer to the characteristics and current state of 
single entities, and at the same time to refer to populations of entities with similar properties. In a 
small application for molecular genetics, Karp (1989) was only able to represent and implement the 
overall system either as a network of molecules interacting in a pathway or as a network of 
variables quantitatively representing the processes in a pathway, as separated systems, but he was 
not able to integrate both, the description of participating entities and the quantitative processes. 
This integration is one the teachings of this invention. Furthermore, contrary to the system of this 
invention, his representation was static and did not include temporal reasoning, having all processes 
represented as instantaneous reactions. 

6. FIG 3 shows how the intermediate submodels are preferentially organized in two types of superior 
compartments of a cell represented by the different subsequent cell states represented by the 
cell-phases (302 through 308), and within each of those the cell-compartments (309 through 316) 
that represent the different cell organelles. While each of the cell-phases contain a detail 
description of large numbers of components, as encapsulated in the different sublayers, it has in 
addition a set of characteristic parameters and time-variant attributes (317 through 320) that can be 
used to model the progression of a population of cells through those compartments. That concept is 
schematically represented in FIG.4, where some of the cells of that population XI may keep cycling 
through those phases, as represented by the bioPools of cells in each phase: Go (404), Gi.i (406), Gu 
(409), S (411), G2 ( 413), and M (416), if some specific and required conditions are met, as specified by 
their corresponding transitions represented here by the translocation-bioProcesses (405, 408, 410, 412, 
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415, and 417), or they can exit the cycle if other set of conditions are met (407) and differentiate to 
another related cell type characterized by different functions and therefore a different cell cycle 
(402) or if yet other set of conditions are met (407) they may dye by programmed cell death or 
apoptosis (414). 

7. A cell-bioModel is represented as a set of bioReservoirs and bioProcesses, systematically organized 
in the subworkspaces of other bioModels contained in such cell-bioModel, which represent each a 
separate compartment in time and location, and within those, sets of biologically related processes 
or pathways. At a higher levels of organization, bioProcesses connected to bioReservoirs of cells or 
cell-interactions, are organized into bioModels the represent organ compartments, which in turn are 
organized into organs, and which in turn are organized into into physiological systems. Different 
cell-bioReservoirs contain either populations of different cell subsets or populations of the same cell 
subset in different stages or in different locations. Each of those cell-bioReservoirs makes reference 
to a predefined cell-bioModel, which has a characteristic phenotype representative of the cells 
contained in that cell-bioReservoir. The different phenotypes may characterize: a) different cell 
lineages, b) different stages of differentiation within the same cell lineage, or c) cyclical changes in 
the cell characteristics over time, within the same differentiation stage. Phenotypes are sets of 
characteristics measurable on intact cells, and the transition of cells from one phenotype to another 
are represented in the present embodiment of this invention as a translocation of a fraction of the 
cells from the cell-pool of the former subset to the cell-Pool of the later subset. The events that 
trigger those transitions may be unknown, but they may be recognized by changes in measurable or 
functional markers, such as the appearance of a new receptor, the synthesis of DNA, the secretion of 
specific interleukins, or mitosis, and the relative time in which they appear or disappear may be 
known, in which case those transitions are time-driven. More specifically, a cell-bioEntity, which 
is a high-level external representation or description of a cell, may make reference to a 
cell-bioModel, which as described above is internally characterized by its components and 
mechanisms, represented by the pathways of bioReservoirs and bioProcesses. 

8. FIG.5 is a diagrammatic introduction to important concepts upon which much of the processing and 
reasoning of the current invention is based, where the different layers of arrows represent the 
direction of flow of information and data. In this system, pathways refer to sets of alternating 
layers of bioReservoirs and bioProcesses connected to each other to indicate participation of the 
populations or pool of chemicals represented by the bioReservoirs in the processes represented by the 
bioProcesses, and to further indicate that the processes represented by the bioProcesses provide 
inputs to the pool of chemicals represented by the bioReservoirs. The result of those specific 
connections is a multidimensional network of interconnected biochemical pathways that determines 
the basic architecture of this system. That basic architecture also defines the resulting network of 
parameters and variables, and the specific arguments for the generic formulas that provide the 
values for those variables are determined by those connections. A bioReservoir is an iconic 
knowledge-structure that contains a bioPool (501), which refers to a population of a single type of 
molecule or complex contained within a limited space represented by the bioReservoir. A chemical 
process is represented as a bioProcess, an iconic knowledge-structure that contains various 
components, including a bioEngine (504) that controls the Velocity at which the input(s) of the 
bioProcess, the bioReactant(s) (503), are consumed and the output(s), the bioProducts (505), are 
produced. BioReactants can also be said to represent the participation of certain number of units of a 
bioPool as the input to a given bioProcess, and more specifically, the role that such number of units of 
the bioPool play in such bioProcess. BioProducts can also be said to represent the participation of 
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certain units of a bioPool as output from a given bioProcess Both types of knowledge-structures 
integrate bioProcesses with bioReservoirs in a complex architecture that allows to model the kind of 
complex systems and multidimensional pathways that are characteristic of the domain of this 
invention. In such integrated system, units from the bioPool of a consumable bioReactant, are 
transferred to the bioPool(s) represented by one of its bioProductfs), at a dynamically computed rate. 
The term upstream is used hereafter to indicate those bioReservoirs, bioProcesses, or pathways that 
affect the inputs to a given bioReservoir or bioProcess, while the term downstream is used hereafter 
to indicate those bioReservoirs, bioProcesses, or pathways that are dependent upon the outputs to a 
given bioReservoir or bioProcess. 

9. The fast and short-term regulation, such as the temporary inhibition or activation of enzymatic 
activity is modeled through separate bioPools of the more active and less active (or inactive) forms. 
Each modification of molecules or complexes that results in qualitative or relevant quantitative 
changes in their activity or function, is represented as transfer of units between those different 
bioPools. Examples of those modifications include post-translational modifications of proteins, 
including allosteric changes, such as phosphorylation, isoprehylation, and so on. The slower, 
long-term, regulation of enzymatic activity is modeled by induction or depression of protein 
synthesis, which optimizes its concentration for the newly required function. Constitutive enzymes 
and receptors are considered to be synthesized and degraded at a constant rate, resulting in a constant 
steady-state level. In regulated molecules environmental signals, such as the extracellular 
availability of a hormone or growth factor, for instance, may cause the rate of synthesis or 
expression of new surface receptors to increase X-fold. If the rates of outputs are not concurrently and 
equally regulated by the same factor, then a new steady-state level will be reached, which may or 
may not return back to normal after the activating signal ceases. Examples of those modifications 
include: a) gene mutations and other modifications, b) DNA transcription, c) post-transcriptional 
splicing and other modifications of RNA, and d) translational regulation 

10. BioPools, bioReactants, bioEngines, and bioProducts are classes of basic bioObjects that further 
encapsulate a variety of knowledge structures, including quantitative attributes, parameters and 
variables, which values, provided by simulation formulas, can be dynamically simulated in 
real-time. The amount of such units comprised in a bioPool, represented by a variable such as 
Concentration or other appropriate amount, is dynamically computed at run time, parting from an 
initial value or basal-amount set by the modeler, or in its absence, from a default value set by the 
developer. The arguments of the variables of these basic knowledge structures are the output values 
of certain other variables and/or parameters that are attributes of either: a) the same bioObject 
instance or b) instances of connected bioObjects of different classes. For instance, an argument for the 
Consumption-Rate of some bioReactants (503) and for the Production-Rate attribute of any bioProduct 
(505) is the value of the Velocity attribute of the connected bioEngine (504), while the values of the 
Contribution attribute of each bioReactant may be arguments of the Velocity attribute of the 
bioEngine. Furthermore, the Production-Rate of some bioProducts (506) and the Consumption-Rate of 
some bioReactants (507) are arguments for the Input-Rate and the Output-Rate attributes, 
respectively, of the bioPool (501) to which they are distantly connected, while the argument of the 
Contribution of any bioReactant (503) may be the value of the Concentration attribute of the 
connected bioPool. Told in a different way, note that: a) the flow of data between the bioPool and a 
bioReactant is bidirectional, involving two variables in the bioPool and two.in the bioReactant, b) 
the flow of data between a bioReactant and the bioEngine is bidirectional, involving two variables 
in the bioReactant and one in the bioEngine, c) the flow of data between the bioEngine and a 
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bioProduct is unidirectionat, involving one variable in the bioEngine and one in the bioProduct, and 
d) the flow of data between a bioProduct and the bioPool is unidirectional, involving one variable in 
the bioProduct and one in the bioPool. The reversibility of any binding can be represented in two 
alternative ways: a) implicitly reflected in the output of a single process, which is the balance in 
the predominant direction (as represented by the specific or global kinetic parameters), or b) 
explicitly modeled as two separated processes in the forward and reverse directions. 

11. The value for the basai-concentration, basal-density or basal-scaled-amount parameters of each 
population reflects the physiological steady-state value, when the rate of change is equal to 0 or 
equivalently when the sum of the inputs equals the sum of the outputs. The bioPools representing 
synthetic agonists, antagonists or inhibitors, such as drugs or toxic substances, have a 
basal-concentration of 0.0, have no modeled inputs other than the user-entries, and therefore the Z 
inputs = entry value, at the compartment where it is first introduced. However, it can have several 
modeled outputs, including the participation in modification-processes and translocation-processes, 
in addition to the decay term that represents diffusion, degradation and dilution. It is further 
constrained in that the [As]*(u.+£ outputs) S [entry]. Concentrations are used in general within 
classes of bioPools representing soluble entities. However, as it is found empirically in biological 
systems, most most entities are associated with membranes, with large polymerized structures such 
as the cytoskeleton or the extracellular-matrix, or associated with one or more other macromolecules 
forming complexes. This means that the concentration of those bound entities is less relevant than 
the actual amount of those molecules that are available in the appropriate compartment at a given 
time, and therefore the term density is used to represent units per compartment. Furthermore, most 
simulations of biological systems are more meaningful in terms of relative amounts or ratios among 
the quantities of interacting or regulatory molecules, and therefore the alternative variable called 
scaled-amount is provided for each bioPool, which is dimensiontess and therefore do not require -'■ 
units. The values of the Velocity of the generic bioEngines, as provided in the palettes, are computed 
using the default generic simulation formulas associated with the subclass of parameter or variable 
associated with it, which by default are dependent on the values of a set of scaled variables and 
parameters. The user can however replace them with instances of other velocity-pvar subclasses 
from the library provided (FIG.11), each with its associated generic simulation formula based on 
absolute values (Table 85), depending on the subclass. 

12. Live and growth depends upon closed cycles of mutually dependent interactions. In a constant 
environment, the proportions of the various constituents settle down to constant values and a 
steady-state is reached. The steady-state correspond to an optimum state, since the lack of such 
balanced state would lead to rate-limiting steps. When the environment changes, those proportions 
move towards new values to achieve again optimum growth in the new environment. The principle 
underlaying this system's dynamic modeling is the network of a combination of state and dependent 
variables, encapsulated within the structure of the bioObjects contained in the specified bioModel. 
The bioObjects provided are programmed by default for steady-state modeling. A dynamic 
simulation is initiated after the introduction of desired perturbations or initial conditions by the 
user, and the input data initiates a forward chaining which involves both control and data flow 
from bioReservoirs to its connected downstream bioProcesses, and from these to their connected 
downstream bioReservoirs, moving along the bioModel's pathways. Inputs from external control 
systems or databases can be also forward-chained during run-time. A variety of methods are then 
used to compute or infer new values for the variables or parameters, derive conclusions and pass on 
control signals, and trigger action sequences, each as appropriate. The forward and backward 
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associations between bioObjects for mntime execution are either inherent in the connections between 
the bioObjects or are explicitly configured through the model-blocks. The required integration of 
dataflow and sequential control mechanisms is accomplished in the currently preferred embodiment 
while taking advantage of the intuitive capabilities provided by the graphical architecture, where 
the bioObjects encapsulate the data to which related methods apply, and the parameters and 
variables are hidden but their values can be displayed. The specific way the bioObjects are 
connected specify both data flow and control flow, representing sequential or concurrent ordering of 
procedure execution, and the information needed to execute an algorithm is provided by or inferred 
from the architecture. The evaluation methods of the bioObjects involved in the simulated 
pathways execute in parallel during forward chaining, passing along the arguments to the posterior 
bioObjects, while the arguments of the anterior bioObjects are passed to them. 

13. There are other parameters and variables defined in the system of this invention, which are also 
involved in the dynamic quantitative simulations of the visually modeled systems, and which can 
be incorporated in two distinct and alternative forms of simulation reasoning, absolute or scaled, as 
will be described in more detail under the heading Simulation Mode. For example, the factors that 
affect and define the transformation rates, such as the catalytic, binding or transfer rate of a 
bioProcesses (here preferably encapsulated as the Velocity attribute of its bioEngine), are 
distributed as attributes of the various connected bioObjects and comprise: 

a ) the quantities of the bioReactants of different types, such as enzymes, substrates, inhibitors, and 
activators, or receptors, agonists and antagonists, or components of a complex (here preferably 
encapsulated as the Concentration or Density or Scaled-Amount attribute of the bioPool connected to 
each bioReactant, which values can be directly incorporated into the equation that give^the value 
of such Velocity, when using the absolute reasoning; or indirectly incorporated into the equation that 
gives the value of the Contribution attribute of each bioReactant, which holds an intermediary 
scaled value that is incorporated into the equation that gives the value of such Velocity, when using 
the scaled reasoning); 

b) the values of specific kinetic parameters characteristic of each type of bioReactant (heTe preferably 
encapsulated as: the "effective-binding-sites" attribute of enzymes and receptors, and the 
"Michaelis-constant", "equilibrium-dissociation constant", or equivalent attribute of substrates, 
ligands, or other bioReactants, respectively, which values can be directly incorporated into the 
equation that gives the value of such Velocity, when using the absolute reasoning, or, alternatively, 
the "scaled-Michaelis k", "scaled-equil-dissock", or equivalent attribute of substrates, ligands, or 
other bioReactants, respectively, when using the scaled reasoning), or, alternatively, a global 
kinetic parameter specific for that bioProcess that replaces and represents the combination of the 
specific parameters of each of the bioReactants of that bioProcess (here preferably encapsulated as 
the "rate-constant-sec" attribute of its bioEngine); 

c) the stoichiometric coefficients (here preferably encapsulated as the "stoichiometric-coeff" attribute 
of bioProducts and bioReactants); and 

d) the effects of environmental conditions such as temperature and pH are also specifically defined as 
attributes, and can be integrated into the simulation within the appropriate equations. 

14. Chemical and biochemical reactions are continuous processes, within the time intervals that are 
dependent on the type of reaction and the environmental conditions, with the balance of the reaction 
favoring in general the forward direction. The strategy used in the system of this invention is to 
forward chain from inputs values from the user-interface or from databases. In the preferred 
embodiment of this invention, the specific way the bioObjects are connected specify the sequential or 
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concurrent ordering of data flow, and the parameters of model equations are included as object 
attributes. Model-generated results may be used as input data for other simulated equations or as 
events to be used by the inference engine. These dynamic models can also reason about the behavior 
of variables in the past and project the behavior of variables into the future. Integrating the 
activities of the different parts of a model system requires the simultaneous solution of a set of 
non-linear ordinary differential equations and a set of dependent algebraic equations. In this 
invention, this system takes advantage of the two methods of explicit integration supported by the 
Shell: either the first-order Euler scheme or the quadratic fourth-order Runge-Kutta scheme, 
depending of the desired accuracy of the computation. The updates of the different variables may be 
synchronous or asynchronous, as a result of the variables having equal or different update intervals. 
The dynamic values of variables or parameters may be displayed in both digital and graphic forms. 

15. The default values and equations provided with the preferred embodiment of this invention, 
represent an steady-state modeling approach, since biochemical systems are better represented by 
steady-state than by equilibrium situations. The value for the Basal-Concentration of each 
population reflects the physiological normal steady-state value, when the rate of change is equal to 
0 or equivalently when the sum of the inputs equals the sum of the outputs. Enzymes mat are 
constitutively abundant and in their active form have no effect on the steady-state, since they are 
not rate limiting. However, regulated enzymes, such as kinases and phosphatases among others, 
may be constitutive only in their inactive form, and their Concentration influence the 
Production-Rate of the active form in the same way as the Concentration of a substrate controls its 
consumption rate. In the system of this invention, the activation-process of an enzyme (u other 
bioEntity) means consuming units of the bioReservoir of the inactive form and producing units of the 
bioReservoir of the active form, and therefore it is the same treatment as for any other substrate and 
product. The regulation of enzymatic activity is modeled through separate bioProcesses that 
represent forward or feedback inhibition or activation processes or pathways. Each modification of 
molecules or complexes that results in relevant qualitative or quantitative changes in their function, 
is represented as separate bioEntities, which in turn are represented in separate bioPools and 
bioProcesses. Examples of those modifications comprise: a) gene mutations and other DNA 
modifications; b) post-transcriptional splicing and other modifications or degradation of RNA; c) 
post-translational modifications of proteins, including allosteric changes, phosphorylation, 
isoprenylation, and so on, and degradation ; and d) modifications and degradation of other 
molecules. Synthesis and degradation, as well as allosteric changes or other modifications, may also 
be implicitly modeled within the parameters that affect the Velocity of a bioProcess, or as separate 
mathematical model-blocks connected to bioPools as inputs or outputs. 

16. The types of inhibitions in which a reversible or irreversible complex is formed, such as the binding 
of an antagonist to a cell-receptor, and the feedback activation or inhibition by secreted products, are 
all modeled as separate receptor-processes or complex-formation-processes which compete in the 
background for the amount of cell-receptor available in the common bioPool, according to their 
respective affinities and concentrations. The reversibility of any binding is usually not explicitly 
modeled, unless the complex is a target for regulation, and it is implicitly included in the output 
which is the balance in the predominant direction (as represented by Ks vs. ki and k-i). 

17. In fast growing cells or organisms, the dilution factor resulting from cell growth is represented by a 
parameter u, while in slow growing cells direct enzyme degradation is more important, since the 
levels of many enzymes in animal cells is controlled by the balance between enzyme synthesis and 
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degradation, called turnover. The synthesis of an enzyme is represented differently, depending on 
the available information or the level of detail desired, as a zero-order process or as a first-order or 
higher-order kinetics, proportional to the concentration of other enzymes or regulators that 
participate in the complex processes of, while the degradation may have a first-order kinetics 
proportional to the concentration of enzymes, or or higher-order kinetics, depending also on the 
concentration of other enzymes or regulators that participate in the regulated degradation process. 
The total response associated with any particular population of receptors is represented as the 
maximal activity of a single receptor in the activated state times the receptor density, or 
scaled-amount, of the bioPool representing that particular compartment. 

18. The system of this invention deals with the "incomplete information'' characteristic of biological 
systems by integrating the scaled or semiquantitative values with the absolute values, as discussed 
in later sections. The scaled-valued variables, such as scaled-amount, have values within the 0.0 to 
100.0 scale to normalize the diverse ranges of magnitudes involved in the system. The default initial 
values of the scaled-basal-amounts vary within this range to best represent the knowledge about the 
physiological steady-state conditions. As a way of examples: a) a value of 100.0 may model an 
constitutive abundant enzyme, receptor, or complex-subunit in their inactive form, while this value 
may decrease at run-time as the value(s) of their active or other derivative^) increase, so that the 
total remains 100.0; b) a value of 50.0 may model the normal steady-state catalytic concentration for 
a constitutive regulated active state of an enzyme, or the steady-state concentration of a substrate, 
binding protein or ligand, or c) a value close to 0.0 may model any highly regulated induced molecule. 

19. Temporal reasoning is important to model and describe the causal mechanisms that drive biological 
systems. Temporal reasoning is achieved in the system of this invention in several ways: 

a ) In general, temporal reasoning is implicit in this real-time system during a simulation, When the 
values of the variables and many of the parameters vary over time. 

b) Entire contents of BioModels, such as those representing the successive phases of the cell cycle, and 
other time-submodels within those phases, can be activated and deactivated over time by 
activating or deactivating the subworkspace of such bioModels, as specified within procedures and 
rules, at pre-specified simulation time intervals, or based on events generated at run-time, such as a 
certain variable reaching a threshold value, or a combination of both. 

c) The subworkspaces of specific bioProcesses can be also programmed to be activated for a specified 
period of time after their activation, as given by its activation-hold-interval attribute. This 
attribute can be a default value or a value entered by the user or as modified at runtime. This is an 
alternative to having the control of the inactivation of such subworkspace based on another event. It 
can also be reasoning by a combination of a given time interval or a given event, whatever comes first, 
or by events triggering the change of the value of the activation-hold -interval attribute in a 
pre-specified manner. One such option is to provide a tabular function such as by looking. 

20. In the currently preferred embodiment of this invention, a unit of a given chemical entity, referred to 
as a bioEntity, which describe the characteristics and state of a single molecule or complex, is 
considered a separated knowledge structure which is referred to as an attribute of a bioReservoir and 
can be accessed from the menu choices of this and other bioObjects,' such as a bioReactant connected to 
its bioPool, which refers to a population of molecules with the characteristics described for such 
bioEntity. The information about the characteristics of particular functional states of a given 
molecule or complex is encoded as separate instances of classes of bioEntity, as will be described in 
detail in later sections. Different behaviors of each bioEntity are then explicitly defined through 
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the mechanisms represented by the bioProcesses in which bioReactants that make reference to such 
bioEntity participate. In other words, it can also be said that bioProcesses represent the interactions 
of a bioPool of such bioEntity with bioPools of other bioEntities, as defined visually through their 
connected bioReactants or bioProducts. Furthermore, in the present invention, a single molecule can be 
described in more detail by and ordered and connected set of instances of more elemental bioEntities, 
referred to as bioEntity-components, which represent molecular functional components such as 
subunits, domains, motifs, active sites, regulatory sites and mutation sites. The additional levels of 
detail are implemented in this invention through the encapsulation of subworkspaces. In a similar 
way, sets of simple molecules can be components of other bioEntities representing a complex, or of a 
heter-mol-complex. Since unlimited levels of encapsulation are allowed, it is possible to start 
dealing with a topic with a very general visual overview, and then successively "clicking" into 
objects of interest, to show the next level of detail. 

21. As will be described in the following sections, in the system of this invention, the methods used to 
process the application-specific knowledge are separated from the application-specific knowledge 
itself. The domain-specific but application-independent knowledge is encoded in at least four 
different forms, characterized by: a) the selection, combination and specific connections of the 
simple knowledge structures that contain the variables and parameters that quantitatively define 
this system, within the subworkspace of a prebuilt composite bioObject; b) the selection and design 
of those simple structures and their interactions as components of the composite structures, which 
provide for the resulting transparently interconnected architecture underlaying this system; c) the 
selection and definition of the specific attributes of each of those types of structures, which describe 
and characterize the potential behavior of those structures; and d) the methods in the form of 
procedures, rules, formulas, functions and relations that together provide for the monitoring, control 
and execution of the system. On the other hand, the application-specific knowledge is incorporated 
in at least two different ways: a) the selection, combination in different ways and connections of 
those prebuilt composite bioObjects and predefined structures; and b) the configuration of the values 
of the predefined attributes of those selected structures. 

C. Operating Facilities for Developing, Modeling, Navigating, Queering, and Simulating the Virtual 
Models 

The following descriptions of objects, tasks, procedures, and the complex processing that follows only 
highlights some features, and is not meant to substitute for the more detailed descriptions shown by 
the pseudo-code listings provided as Tables in the Appendix, as referred to within the text when 
appropriate. 

1 . Developer Mode: Definition of the Building Blocks 
a ) Domain-menus 

• The Developer Mode can be restricted to only those users with development rights, in which case it 
is the default mode when the application is started. FIG.9 shows the domain-menus associated with 
this mode in this invention, which are shown here in an expanded way to facilitate discussion of the 
organization of the definitions of object classes and methods. The options shown highlighted with 
white background are selected options. Selecting the "Help & Mode Menus" head (901) pulls down a 
set options, each causing upon selection specific actions, including displaying named workspaces or 
subworkspaces of named objects, such as panels, palettes or libraries, or generating other walking 
menus. In addition, selecting any of the available user modes changes the mode of operation and 
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displays the specific domain-menus associated with that user mode, both actions applying only for 
the window from which it is selected. Selecting Developer Mode (902) displays the additional menu 
heads: "Object Definitions" (903) with pull down options pointing to major groups of object classes, 
"Variable Structures" (909), "Rules Proc's & Relat's" (913), and "Formulas & Functions" (916). 
Domain-menus include walking menus, and whenever an option has additional suboptions then a new 
pull-down menu is created and displayed in the next adjacent menu slot. For example, selecting 
"btoEntities" (904) displays the pull-down menu headed by "bioEntities" (905), which options refer 
to different subclasses of the class bioEntity, and further selecting "MoleculComponents" (906) 
displays the one headed by "MoleculComponents" (907), and further selecting "Protein Motifs" (908) 
displays a workspace (not shown) that contains the definitions of the class protein-motif and all its 
subclasses. In a similar way, selecting "Variable Structures" (909) and further "Variables" (910) 
displays the menu headed "Variables" (911), and further selecting "Velocity pVariables" (912) 
displays the workspace shown in FIG.ll containing the definitions of die class velocity-pVar and its 
various layers of subclasses. In other cases options bring directly to a workspace, such as for "Rules 
Proc's & Relat's" -> "GeneralQuery Proc's" (914) which directly displays the workspace (915) that 
contains the definitions of some of the procedures needed for the processing of General Queries. 

b) Descriptions of General Groups and High-Level Classes 

• The classification and definitions of the object classes is now described. Table 1 shows the different 
classes of objects and groups of tools and methods comprised in this invention, which are all 
knowledge structures implemented as objects. Those tools and methods are preferably organized into 
major groups, each comprising several object classes, which may each further comprise several levels 
of more specific subclasses, to be discussed in more detail in the following sections. The class bioTool 
(Table 6), a subclass of the class object defined within the Shell, is defined to include a variety of 
auxiliary iconic structures used in this invention, and has no additional attributes. Each top class of 
those groups is a subclass of one of the generic classes of objects defined within the Shell, from which 
they inherit a set of attributes and capabilities. Several of those capabilities may be proprietary 
technology specific for that Shell. For further details, the reader is referred to the G2 Reference 
Manual Version 3.0 or Version 4.0 and other documentation produced by Gensym Corp., which are 
here included by reference. In this filing, only those Shell-defined attributes that are necessary to 
describe this invention will be considered, and these attributes or their equivalents may be common 
to other development environments. Other attributes and capabilities not mentioned here may, 
however, facilitate the development tasks and improve the performance of this invention. In the 
following discussion, attention will be focused mainly on those attributes incrementally denned for 
each subclass. 

• There are several other basic classes defined within the Shell that the system of this invention uses 
without relevant modifications. One of those are workspaces, which are items used to hold and 
display other items, and which attributes include names, user restrictions, margin, border, 
background, and module assignment. Workspaces can be independent higher-level workspaces, or 
subworkspaces subordinated to objects. Subworkspaces may also have the capability of being 
activatable, if so defined in their superior object, which means that the objects upon them are only 
active and accessible to the inference engine and the simulator when such subworkspace is activated. 
Other capabilities of the Shell, such as flashing of the icons, changing colors, or rotation of specific 
patterns can be used to animate a simulation and to indicate relevant events, such as showing the 
bioObjects that are activated, or which variables' values are out of range, and many other 
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applications. 

• The object class definitions listed in Tables in the Appendix include only those attributes which 
provide new and relevant information, such as: a) "class name", b) "superior class", and c) 
"attributes specific to class". Other attributes are listed only when relevant or modified, following 
the following rules: 

- "Capabilities and restrictions" describes which additional capabilities or restrictions apply to all 
the instances of all the subclasses of that class The Shell-defined capabilities used in the current 
implementation of this invention comprise: "activatable-subworkspace", for the classes 
bioReservoir, bioProcess, time-compartment, and hold-bin; and "subworkspace-connection-post" for 
the class model-box. 

- "Class restrictions" defines which menu options and other non-menu choices are available or 
disallowed, or which attributes are visible in the table, in each particular user mode for all the 
instances of all the subclasses of the class for which they are defined. The Shell-defined non-menu 
choices include: "move-object", ... The Shell-defined menu choices include: "table", "name", 
"transfer", "create-subworkspace", "change-size", "describe", "disable", "delete", "rotate-reflect", 

- "Inherited attributes" are usually not be listed on the Appendix, since they can be deduced by adding 
up the listings of "attributes specific to class" of each of the superior classes. On occasions, however, 
inherited attributes may be listed for the purpose of summarizing disperse definitions. When an 
attribute is defined in more than one object-definition, the most proximal (or lower-level) definition 
overrides the others: 

- "Menu option" refer to whether the name of the object class appears as an option within the — 
new-object selection from the menu of workspaces, or with other words, whether the class can have 
instances (if the value of this attribute is "a final menu choice") or whether the class is only a ; 
superior to other subclasses (if the value of this attribute is "not a final menu choice"). This 
attribute will be only listed for those high-level classes which are "not a final menu choice", and it 
is otherwise assumed that the class is "a final menu choice" 

- "Stubs" define each of the connection stubs for that class and their position on the class' icon, and 
optionally the direction of flow and/or the name of the connection port. The stubs can be inherited 
from superior classes, in which case the value of this attribute will be inherited, or the class may 
have no defined connections and the value is none, and in either case this attribute may not be listed. 
If it is not listed and the superior class have defined stubs, then it is assumed that the stubs are 
inherited, and if the superior class have no defined stubs, then it is assumed that the value of this 
attribute is none. 

- "Icon description" defines the iconic appearance of the icon characteristic of all the instances of the 
class. The icon can be inherited or be specific for that class, and usually contain differently colored 
layers, or color-regions, which color may change dynamically at run-time, to visualize the state of 
the objects, such as selected, or of their subworkspaces, such as activated. The detailed description 
of the icons is not included in the Appendix to save space, and in most occasions it will be simply 
referred to as the <name of the class>-pattern, followed by its dimensions (to have a reference for 
the stubs), and by the color-regions, which maybe referred to by rules and/or procedures. 

• In addition to an attribute table and sometimes a subworkspace, each iconic object has an associated 
menu with a set of options. Some of those menu options, and options defined within the Shell, 
perform standard tasks common to all objects , such as: change-size, clone, color, delete, describe, 
disable, go-to-subworkspace, move, and name. Many of those tasks are self-explanatory and will not 
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be further described. Other novel and domain-specific menu options are defined in this invention as 
user-menu-choices to provide interactive access by the user to important automatic or semi-automatic 
tasks related to the configuration of the knowledge structures and to requests diverse forms of 
processing and display of such knowledge. User-menu-choices are defined for the specific class 
named in its applicable class attribute, as in the example shown in Table 27. They appear as options 
in the menu associated with the icon of every instance of every subclass of said applicable class, 
unless a class restriction is defined for any of those classes to exclude that option from the menu in 
any particular user mode . Selecting any particular options triggers one or more actions. All those 
domain-specific tasks provide a highly interactive user-interface and are important teachings of 
these invention. Those options and the methods invoked upon their selection will be discussed in 
later sections. Here we will focus on the definitions of all object classes and on the description of 
their attributes. 

c) Variable Structures: 

* Variables and Parameters: 

- In the present invention, the quantitative attributes of object classes may be defined as simple 
attributes, or as instances of subclasses of parameters or variables. The values of simple attributes 
can be modified through rules, procedures, or other actions of the inference engine. The values for the 
variable and parameters may be provided from different sources. The Shell's simulator is used in 
the current implementation to compute the simulated values of variables and parameter that are 
integral parts of the bioReservoirs and bioProcesses, as described later, including state variables. 
Those values are preferentially provided by generic simulation formulas, although modelers may 
also provide specific simulation formulas for specific variables. Users can also input values for the 
simulator through the input-panels described below, and the program can also update values based 
on values received from other sources, so that values from different sources are integrated. To 
standardize the units used during a simulation, the absolute values are preferentially entered in 
Molar, M/sec, moles/liter, or seconds, as pertinent. 

- There are large number of subclasses of parameters and variables involved in this system, as defined 
in Tables 2 through 15. Only a few of them are used as independent parameters or variables 
represented by their icon, and usually they have auxiliary functions, such as the x-pos and y-pos 
(Table 3) used to aid in the graphic drawing of pathways on a workspace. In this invention, most 
parameters and variables are implemented as attributes of the various classes of bioObjects, or other 
objects such as model-blocks or inference blocks, as well as attributes of other variables. Aside from 
the high-level classes, most of the other subclasses do not have additional specific attributes, but 
many have distinctive default settings, as specified in their listed definitions. The separated 
subclasses allow to attach specific methods to each class, either in the form of formulas, or by 
referring to all members of the class in rules, procedures or other actions. Since it would be tedious 
and repetitious to discuss each subclass of parameter and variable that are referred to in the system 
of mis invention, listed definitions of other objects, their definitions are instead listed in lumped 
groups by similarities, and only a few that are representative or important to the understanding of 
the operation of the overall system will be discussed in the relevant section. 

- In the currently preferred embodiment, domain-specific variables and parameters are subclasses of 
various subclasses of the the Shell's class "parameter", such as float-parameter, integer-parameter 
or symbolic-parameter, text-parameter or truth-parameter. Those that represent parameters in this 
domain are grouped under the domain subclasses int-par (Table 3) or float-par (Tables 4 through 8), 
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depending on their value types. Those that represent variables in this domain are grouped under the 
domain subclass float-pvar (Tables 9 through 12), which are subclasses of float-parameter. The 
reason for these discrepancies is that In the Shell's classes "parameter" and "variable" do not fully 
correspond to the common concepts of variables and parameters and are simply two different data 
structures with different constraints and capabilities. This invention also defines a set of subclasses 
of fioat-var (Tables 13 through 15), a subclass of the Shell's class float-variable, as an alternative 
for domain attributes such as Concentration, Density and Velocity (which by default are represented 
by pvars, as discussed in more detail in the next paragraph) or parameters such as a variety of 
kinetic constants (which by default are represented by simple float attributes). 

- The Shell's "variables" have capabilities important for the implementation of this invention, such 
as: a) allowing the user to set a desired instance, lets say the concentration or density attribute of a 
bioPool representing an entity which quantity is monitored in a reactor, to receive a measured value 
from the external monitoring sensor while its simulated value is being simulated in parallel, based 
on the "Virtual Model" specifications, and then by using inference rules to monitor either value or 
both values, and to compare them to a specified threshold or range or to each other, and to initiate 
some control actions to regulate the reactor system monitored by the sensor; and b) allowing the user 
to define simulation or general formulas specific for a particular instance of a "variable" by writing 
the formula directly in the corresponding slot for the formula in the instance's simulation subtabie, 
while the Shell's . Because the Shell's "variables" are larger structures that require more memory 
space, this invention uses by default subclasses of the Shell's "parameter" as attributes of bioObjects. 
However, alternative but equivalent subclasses of variables are also provided, allowing the user to 
delete the default "parameter" and replace it with the equivalent "variable", allowing the user to 
then write any customized specific simulation (values provided by the simulator) or general (values 
provided by the inference engine) formula to model that particular "variable". Differences between 
the Shell's "parameters" and "variables" include: a) "parameters" do not have slots for specific 
formulas but can receive values from generic formulas that apply to instances of a class; b ) a 
"variable" may have an initial value and two current values, the inferred and the simulated values, 
while a "parameter" have only one value that can be either inferred or simulated; c) the inferred 
value of a "variable" can be set to expire after a time interval and therefore a "variable" may have 
no value (it should not expire when the value is used by the simulator), while a "parameter" always 
has a value; c) "variables" can backward-chain to seek its values, while "parameters" cannot; and 
d) "variables" cannot be directly referenced by procedures. When using a different Shell with 
parameters and variables with different attributes and capabilities, some modifications may be 
necessary. Examples of default instances are shown in FIGs. 13 through 17 (and their definitions in 
the indicated Tables) for "variables" such as: velocity-var (1301, Table 13), model-block-output-var 
(1428, Table 14), model-block-var (1430, Table 14), and for "parameters" such as: basal-density-par 
(1506, Table 7), scaling-density-par (1508, Table 6), density-entry-pvar (1510, Table 9), 
scaled-entry-pvar (1512, Table 9), input-rate-pvar (1514, Table 11), density-pvar (1518, Table 10), 
basal-conc-par (1522, Table 7), conc-pvar (1524, Table 10), contribution-pvar (1615, Table 10), 
consum-rate-pvar (1617, Table 11), binding-rate-pvar (1706, Table 11), time-delay-par (1711, Table 
8), ph-par (1713, Table 5), ph-factor-par (1715, Table 5), and produc-rate-pvar (1723, Table 11). 

- The details of a "variable" are here discussed in reference to FIG.10, where the attribute table (1001) 
of velocity-var shows the attribute slots provided to enter specific information to define and control 
each particular instance, such as the methods of inference allowed (1002); its name (1003); data type 
allowed (1004); optional initial value (1005); last recorded value (1006); the number of data points or 
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the time period for keeping the values of the most recent history of that variable, together with the 
time stamps at which those values were collected (1007); the period of time for which each value is 
valid (1008); the formula slot where the user may optionally write a specific formula for the 
inferred value of that particular instance(1009); details about its optional simulated value (1010), 
which may include an additional simulation subtable (1011), which contain slots that allow the user 
to optionally control the simulation of that particular instance, such as the time increment for 
update (1012), a specific simulation formula (1013), and the number of data points or the time period 
of values to be stored (1014); the main table also provides for the initial value for simulation (1015); 
whether its value is provided by the inference engine, any simulator or external interfaced sources, 
such as sensors or databases(1016), and the default update interval (1017). 

- To add a variable or parameter of the desired class as an attribute of a bioObject, the modeler can 
select the "add subtable" from the menu that appears when clicking on the slot of the value that 
attribute, and then navigate through successive menus to follow the hierarchy of subclasses of 
variable or parameter, in this case of float-variable, until the desired subclass can be selected, 
which results in the creation of an instance of that subclass that gives the value to the attribute from 
which slot it was requested. To replace an existing variable or parameter for another, the existing 
one is first deleted, and then the sequence above is followed. To define the specific simulation 
formula the same process has to be followed Some examples of such attributes comprise: 

- Another example of why and how specific instances of the default "parameters" are to be substituted 
when needed for the larger "variables" is discussed here. The Velocity attribute (1705) of an 
instance (1701) of a subclass of bioEngine is an instance (1701) of a subclass of rate-pvar, 
binding-rate-pvar, which value is simulated according to a generic-simulation-formula that refers 
to such subclass (example in Table 83) and represents a mathematical model for all reactions of such 
type. The Velocity attribute is allowed more flexibility in this invention because there are not only 
many types of processes, depending on the participants in each case, but there are also many opinions 
about what is the most fitting equation to compute the Velocity of each type. In addition, there are 
two types of simulation provided by the system of this invention, as discussed under the Simulation 
Mode heading. One is semi-quantitative, using scaled (dimensionless) variables, and the other uses 
variables with absolute values. The currently preferred embodiment of this invention is defined by 
default with a matching set of scaled variables, each with its associated simulation formula. For 
the Velocity attribute, depending on the bioEngine subclass, different subclasses of rate-pvar (Table 
11) are used, such as: catalytic-rate-pvar, binding-rate-pvar, dissociation-rate-pvar, 
modification-rate-pvar, or trartsfer-rate-pvar, with such scaled-values based formulas. However, 
the modeler can substitute those with an appropriate instance of an alternative set of more specific 
subclasses of velocity-pvar (Table 12), such as those shown in FIG. 11 with more specific 
absolute-value based formulas. Each subclass of velocity-pvar (1101), such as: enzyme-velocity 
(1102), receptor-velocity (1103), complex-formation-velocity (1104), complex-dissoc-velocity (1105), 
ion-transport-velocity (1106), conform-change-velocity (1107), and translocation-velocity (1108), 
has more specific subclasses, and each of those subclasses has its associated more specific 
absolute-value based simulation formula. The nomenclature used for naming each subclass indicates 
all the participating components and the reaction type. For example, lE^S.ll.ORD.velocity is 
meant for a bioengine.lE2S.il, which means that its icon has at the top four specific stubs connected 
to one enzyme.r, two substrates and one inhibitors, and the formula for that instance reflects the 
fact that the reaction happens in an ordered fashion, that is substratel.r binds before substrate2.r, 
and the inhibitor is a competitive inhibitor of the first substrate. The subclasses of velocity-pvar, 
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aod their associated simulation formulas, represent only the more typical cases, but they are only a 
fraction of all possible cases that user may need to represent. Therefore, another alternative is 
provided for the modeler to write the simulation formula that most appropriately fits the system to 
be modeled, substituting with an instance of the class velocity-var described above. 

- The system of this invention utilizes the history keeping capability for the values of relevant 
parameters and variables, as specified in their listed definitions, to graph the rime-line or to reason 
about those historic values. The user can decide to display those values in charts or other display 
forms. The historic values, as well as their maximum, minimum, average values, or rates of change 
over time can be not only be displayed, but also used by the user in different ways, such as storing 
them in external Mies or databases, allowing the values to be further analyzed. 

• Arrays and Lists 

- Arrays and lists are structures that hold a number of item of values in an ordered way. The subclasses 
of arrays (Tables 16 and 17) and lists (Tables 18 through 20) have all the characteristics of their 
parent classes, as defined in the Shell, and they may have additional attributes within the system 
of this invention, as specified in their definitions. Arrays are indexed, and therefore each of its 
elements can be directly referred to by referring to its index, while lists may be indexed or not. The 
length of arrays have to be predetermined, before additional values are added, while the length of 
lists increase automatically, as more elements are added. However, the current implementation of 
this invention uses arrays to permanently store the transient values of its elements by setting the '- 
"initial-values" attribute of an array equal to the desired values to be stored, separated by commas, 
which may be the current values of the elements of that particular array at any point in time, or the 
elements of an auxiliary list, as described in the section describing the methods for queries. 

- One of the classes of arrays used in the current invention is query-array (Table 31), a subclass of <' 
symbol-array, which instances are created by the query initialization procedures. For example, one 
of the uses of a set of query arrays is for storage in each of all the instances of each class of molecular 
components in the Virtual Model (Table 16 ), as described later. The instances of references-array 
(Table 32), a subclass of text-array, refer to sets of instances of the class reference-block (Table 34) 
and may be attributes of instances of bioEntities, bioReservoirs or bioProcesses, or bioModels, being 
used as described below. Furthermore, instances of the Shell's class float-array can be used to store 
all the values of a desired parameter or variable during a monitoring session or a simulation run, 
which can then be stored to a file or passed to another external program or device for further 
analysis or processing. 

- Bioitem-list (Table 20) is a subclass of the Shell's class item-list with no additional attributes. The 
different subclasses of bioitem-list (Table 20) are restricted to instances of particular classes of 
objects, such as experiment-selections, bioReservoirs, and bioProcesses. This invention uses lists in 
various ways, including: a) as transient auxiliary structures to process information at run-time, not 
visible to the users, such as instances of query-list (Table 18), a subclass of symbol-list, are used as 
auxiliary structures in the creation of query-arrays, and instances of scroll-text-list (Table 19), a 
subclass of text-list, are used as auxiliary structures in the creation of scroll-areas; and b) as 
auxiliary structures with their icons upon a workspace, which in addition to be used to process 
information at run-time they are available to the user for inspection, such as those shown in FIGs. 31 
through 35) listing upstream and downstream bioReservoirs and bioProcesses, irvreference to the 
bioObjects from which they where requested. Clicking on those icons by the user causes the display 
of the elements of the list, providing direct access to the objects listed and to the attribute table of 
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the objects listed. 

d) BioTools 

• Class model-block 

- The class model-block (Table 22), a subclass of the class bioTool, may have as many subclasses as 
needed to represent the different mathematical models needed by the domain modeler, and some 
representative subclasses are shown (Table 22) as examples. Some examples of generic simulation 
formulas used to compute the value of the outputs for those subclasses are shown in Table 87. Also 
included is a generic-model-block, to be further defined by the modeler, which is a place holder for 
new parameters and/or variables to be added, and for specific general or simulated formulas for 
those newly added variables. The additional attributes for the class model-block includes 
"output. 1" and each subclass have additional specific attributes which are simple attributes, 
parameters or variables, and which vary in number and type (Table 22). A model-block is an iconic 
object, preferentially used upon the subworkspace of a model-box, which encapsulates the 
components of a mathematical model, as defined by its attributes, where the value of one or more of 
those attributes, the outputs, are dependent on the values of inputs, which may be constant or may 
changed at run time. The inputs may be have any type of origins, including: a) one or more other 
attributes of the model-block; b) one or more attributes of other objects in the Virtual Model; c) one or 
more values originating from any external source interfaced with the system, such as external sensors, 
databases, or external simulators; d) any auxiliary independent constant, parameter, or variable; e) 
any timer or meter; or 0 any combination of the above. 

- As shown in FIG.12, clicking on an instance of model-block (1222) displays its menu (1223). The 
"disable" option (1224) is used when a set of alternative model-blocks is configured for a given 
bioPool to disable those not currently in use. The "table" option (1225) displays the table of 
attributes (1226) and provides access to its variables. Two classes of variables defined to be used as 
attributed of model-blocks: model-block-var and model-block-output-var (Table 12) differ in the 
default settings: only the former has by default a simulation subtable and only the latter keeps 
history of its value, while both have an initial value and indefinite validity interval, so that they 
always have a value, and therefore can be used by the simulator. Clicking on the slot (1227) of the 
attribute "output.l" displays its subtable, the attribute table of an instance of 
model-block-output-var (1228). Although the predefined model blocks classes have associated 
generic formulas to compute the value of their output.l, the modeler may want to override it by 
requesting, by clicking on the slot of its simulation details attribute, the addition of a simulation 
subtable. The subtable of the attribute "input. 1" (1229) shows the table of an instance of 
model-block-var (1230), and clicking on the slot of the attribute "simulation-details" (1231) 
displays its simulation subtable (1232) with additional attributes, among them one (1233) to hold 
the simulation formula to be written by the modeler. The particular subclass selected in this 
example, a proportionate, is defined with two additional attributes given by simple float attributes 
with default values of 1.0 for "gain" (1234) and 0.0 for "bias" (1235), which represent what their 
names indicate. 

• Qass inference-block 

- The class inference-block (Table 23), a subclass of the class bioTool, may have as many subclasses as 
needed to represent the different inference models needed by the domain modeler, and some 
representative subclasses are shown (Table 23) as examples. Some examples of generic simulation 
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formulas used to compute the value of the outputs for those subclasses are shown in Table 88. The 
additional attributes for the class inference-block includes Outcome, given by an outcome-par, and 
each subclass have additional specific attributes which are simple attributes, parameters or 
variables, and which vary in number and type (Table 23). An inference-block is an object, 
preferentially used as an attribute of bioObjects, such as time-compartments, which represents an 
inference model, as defined by the methods providing the value of its Outcome, which is dependent 
on the values of some inputs. The inputs may be have any type of origins, including: a) one or more 
other attributes of the model-block; b) one or more attributes of other objects in the Virtual Model; c) 
one or more values originating from any external source interfaced with the system, such as external 
sensors, databases, or external simulators; d) any auxiliary independent constant, parameter, or 
variable; e) any timer or meter; or f) any combination of the above. 

• Class button 

- The class button (Table 24) is a subclass of bioTool, which additional attributes include Toggle-state. 
A subclass of button is action-button (Table 24), which additional attribute, action-proc-name, holds 
the name of the specific procedure invoked when that button is selected by the user. Clicking an 
action-button triggers its "select" option (Table 25) which invokes the button-handler-callback, 
which in turn invokes the procedure defined as attribute of each subclass, such as the one example 
shown for hide-sup-ws-callback (Table 26) for a HIDE button. Action-buttons play a supportive role 
in this invention by controlling the display, and in some cases the activation, of workspaces, 
allowing the interactive navigation through the entire Virtual Model. Other subclasses of button, 
named tracers, initiate important interactive tasks to create and display pathways, lists, or graphs 
from a point of view within the Virtual Model relative to the bioReservoir or bioProcess from which 
they are selected. 

- The class change-mode-button (Table 27) is a subclass of action-button with the additional attribute 
Mode, which upon selection starts the change-mode-callback (Table 27). A set of these buttons on a 
panel, with the Mode and Label attributes of each button of the set equal to each of the possible 
values of the user-mode attribute of the window, allows the user to interactively change from one 
user mode to another, for the particular window displaying the panel. The optional behaviors of 
many types of objects in this system are user mode specific, as defined within the Class-restrictions 
attribute of the object-definitions of the corresponding classes, such as the actions invoked when 
selecting their icons (Tables 20, 24, 28, 30, 32, 34, 47, 52, 53, 54, 65, 66), the options that appear on 
their menus, or the visible attributes. 

- The class path-tracer (Table 28), a subclass of the class button with no additional attributes has 
subclasses with specific methods associated with them. The "show" option starts the 
path-tracer-handler-proc (Table 29), which calls the configure-tracer-proc (Table 29) and one of 
three optional procedures, depending on the class of the path-tracer from which this procedure was 
invoked, as described in later sections related to bioProcesses, Navigation Panel, Simulation Panel, 
and Experiment Panel, where they play a support role by controlling the dynamic creation and 
display at run-time of interactive pathways of either bioReservoirs or bioProcesses or both. 

- The class lists-tracer (Table 30), a subclass of the class button with no additional attributes has 
subclasses with specific methods associated with them. The "show" option starts the 
list-tracer-handler-proc (Table 31), which calls the configure-tracer-proc (Table 29) and one of three 
optional procedures, depending on the class of the lists-tracer from which this procedure was 
invoked, as described in later sections related to bioReservoirs and bioProcesses, where they play a 
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support role by controlling the dynamic creation and display at run-time of lists of either 
bioReservoirs or bioProcesses that are either upstream or downstream of the bioReservoir or 
bioProcess where the lists-tracer is located. 

- The dass graph-tracer (Table 32), a subclass of the class burton with no additional attributes has 
subclasses with specific methods associated with them. The "show-plot" option starts the 
transf-graph-tracer-handler-proc (Table 33), which calls the configure-graph-tracer-proc and one of 
three optional procedures, depending on the class of the graph-tracer from which this procedure was 
invoked, as described in later sections related to bioReservoirs and bioProcess, where they play a 
support role by controlling the dynamic creation and display at run-time of graphs that plot the 
values over time of key variables or parameters of those bioObjects. The actions performed by these 
procedures are similar, creating first a display with a graph and each a different set of predefined 
complex variables and then establishing relationships among those variables and the graph. The 
components of such display are discussed in more detail below. 

• Other subclasses of bioTool used in the current implementation of this invention include: 

- The instances of the class reference-block (Table 34) are used to represent each reference to published 
information that serve as the source for building the different parts of the models. Selecting a 
reference-block displays the attribute table of each show information about the sources, such as the 
short-reference, authors, title, journal, institution and abstract. 

- The instances of the class bioObject-title (Table 35) are used to label subworkspaces, such as those of 
bioEnnties, bioEntity-notes, subModels. A set of rules (such as the examples in Table 80) 
automatically set the text of those titles, based on the label of the object superior to such 
subworkspaces. 

- The classes reference-message and sequence-display (Table 36)are subclasses of the Shell's class 
message used for display of text in the References Scroll and the MolSequence, described below. 

) Croup of Operating/Display Tools 

• The classes query-panel and entry-panel (Table 37) are both subclasses of the class 
uil-tailored-dialog, as defined in G2 Version 3.0, from which they inherit several attributes used for 
run-time processing. The different types of query-panels and entry-panels are designed as partially 
built master structures which are dynamically doned and completed at run-time, upon requests from 
the user. The dynamically created Entry Panels (FIGs. 32, 33 and 35) are used to interactively set-up 
and start constrained navigations, simulations, and experiments, and for selection of 
monitoring/control components. The dynamically created Query Panels (FIG 30) are used to 
interactively perform predefined complex queries, based on functional modular structure, relative 
position within the pathways, function (roles as bioReactants), or location in subcellular 
compartments. 

- Scroll-areas are structures provided by the Shell. In this invention Scroll-areas are created 
dynamically and used extensively (FIGs.30 through 35) to list and provide direct access named 
instances of different types of bioObjects. For example, a scroll-area is created upon request from an 
Experiment Panel (FIG35) by selecting the BIORESERVOIRS button (3506), listing in a scrollable 
fashion all named instances of bioReservoirs in the Virtual Model and providing direct access to 
them. The scroll-messages that form the scrollable components of the scroll-area, and which refer to 
the objects of interest, can be ordered alphabetically or in other ways. 
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f) Connections and bioPosts 

• Connections are used to connect visualObjects upon a workspace and are established graphically, by 
the union of the stubs attached to the bioObjects involved, or by extending a stub of a btoObject and 
attaching it directly to another bioObject, if the latter allows manual connections. Several 
domain-specific connections are subclasses of the Shell's class connection, and represent different 
abstract concepts such as inputs, outputs, links, relationships, or information passed between objects. 
Stubs are handles on the icons of objects that are clicked and dragged to create the connections. The 
definitions of the subclasses of bioEntity, bioPool, bioEngine, bioReactant, bioProduct and bioPost 
prescribe the class of connections that are allowed at each port of their icons, as defined in their 
stubs slot. Direction of flow may also be specified in such definitions. Stubs are color and pattern 
coded to represent the different types. The stubs are inherited, and those stubs that are not used can 
be graphically removed. 

• The definitions of connection subclasses, some of which are shown in Table 38, include the 
descriptions of the Cross section pattern, that provide each with characteristic pattern and color to 
facilitate visualization and modeling tasks, and a predefined Stub length. Each of those classes is 
specific for connecting particular combinations of objects, as described below (FIGs. 6 and 7). Stubs of 
different classes or subclasses are not allowed to connect to each other, to prevent the modeler from 
making erroneous connections. Connections comprise the following major classes: 

- the class p-connection represents a bioProcess input to a bioReservoir, and more specifically a 
bioProduct's input to a bioPool, in terms of both unidirectional material flow and data flow. Several 
stubs for p-connections are denned at the top (716) of the class bioPool, which may graphically 
connected (717) to the one stub defined at the bottom of each biopool-p-post. Also several stubs for 
p-connections are defined at the bottom (720) of the class BioEngine, which may graphically 
connected (609) to the one stub defined at the top of each bioProduct. 

- the class connection represents a bioReservoir's input to a bioProcess through a bioReactant, in 
terms of both unidirectional material flow and bidirectional data flow. An r-connection may connect 
(719) a biopool-r-post to the bottom of a bioPool, or may connect (608) a bioReactant to the top of a 
BioEngine. Several stubs for r-connections are defined at the bottom (718) of the class bioPool. In 
addition, the class r-connection has many subclasses which differ in their characteristic cross section 
color pattern, and each connects a different class of bioReactant to a matching stub of the same 
subclass defined at the top of a bioEngine. The definition of each subclass of bioReactant specifies 
within the stubs attribute the specific subclass of r-connection, and the definition of each subclass of 
bioEngine specifies within the stubs attribute a set of specific subclasses of r-connections and their 
locations. The purpose of this implementation is to prevent users from making the wrong connections, 
while directing the user to make the appropriate connections by matching the color pattern. 

• the class model-box-connection has three subclasses, scaled-input-box-connection (721), 
input-box-connection (722), and output-box-connection (723), used to graphically connect instances 
(F1G.8) of scaled-input-model-box (811), input-model-box (816), and output-model-box (817), 
respectively, to predefined corresponding ports of a bioPool. The stubs for these specific connections 
are defined for each subclass of model-box, and for each subclass of bioPool at named ports, and these 
subclasses are color coded to guide the modeler to match the color pattern when making the 
connections; 

- the class link defines the connections between the component bioEntiries (3019, 3021) of other 
bioEntities, representing the continuity of an ordered sequence of structural components. 
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- the class icon-wire is a tool used to connect a bioRole-post (703, 707, and 711) to its bioRole-Object. 
The class graph-link is a tool used to connect either a bioEngine to various types of tracers (3505, 
3510, 3517, 3826) or a bioPool to various types of tracers (3821, 3828). After the connection is made, 
these connections are made invisible by either a rule at run-time or by a procedure invoked at 
initialization time ; 

• The class BioFost (Table 39) is a subclass of of the Shell's class connection-post. Connection-posts are 
like extensions of connections that permit to physically interrupt a graphic connection and continue it 
on another workspace, but without interrupting the flow. A teaching of this invention is the design, 
uses, and methods associated with the different subclasses of bioPost, each referring to an iconic 
structure (703 or 711) that may be distantly connected to another bioPost of a complementary subclass 
(704 or 712, respectively). BioPosts are components located on the subworkspaces of bioReservoirs and 
bioProcesses and, since they are located upon different subworkspaces, they are distantly connected 
by receiving the same name. These structures integrate bioReservoirs and bioProcesses, wherever 
they are located. There are several restrictions built into the system of this invention to prevent 
users from making the wrong connections, or to warn them that wrong connections have been made, 
such as when a bioReactant-post is given the same name as a bioPost that is not a biopool-r-post, or 
when a bioproduct-post is given the same name as a bioPost that is not a biopool-p-post. The various 
subclasses of bioPost (Table 1) will be further described below, within the overall description of 
bioReservoirs and bioProcesses. 

g) BioObjecte 

• The class bioObject (bio-object. Table 40) is a subclass of the Shell's class object, with various 
subclasses and various restrictions when in different modes, as listed. BioObject comprises all the 
classes of knowledge structures used to represent the biochemical systems characteristicbf this 
domain. These object classes are characterized by their defined attributes, which can be: a) simple 
attributes of various types, such as text, symbols, integers, floats or truth values; or b) other 
previously defined objects, including parameters and variables of any of those types, or lists and 
arrays of those types of elements. The values for the parameters and variables can be provided by 
any of a variety of sources, such as the user-inputs, interfaced on-line sensors, or dynamically by the 
inference engine (for instance, through specific or generic formulas, rules or procedures), or a simulator 
(for instance, through specific or generic simulation formulas or simulation procedures), reflecting the 
changing values of the attributes defined within the knowledge structures and in the context selected 
by the user. The current implementation of this invention integrates encapsulated mathematical 
models made of simulated variables and parameters which values are computed by the Shell's 
simulator. 

• All bioObjects have at least three common attributes: a) Names, a Shell-defined attribute that 
binds one or more unique symbols to an object; b) Label a text attribute that allows to identify 
bioObjects that may not have a unique name; and c) Description is an optional text string that 
contains any additional information. While names are required in the current implementation for 
some bioObjects to be integrated into the pathways, such as bioReservoirs, bioProcesses, and bioPosts, 
labels are preferred for identification in other cases, because they require less memory than symbols, 
do not have to be unique, their syntax is less restrictive, and offer more attractive options for 
display. 

• Among the major bioObject's subclasses, which further subclasses are described in later sections, are: 
- class bioNode-Object (Table 40): inherits all attributes and icon from bioObject and have no specific 
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attributes, and can only have subclasses, not instances. However, there are methods that refer to 
this class, and therefore, like with many other classes throughout this system, the differentiation 
between classes may not appear in their definitions but rather on their behavior, through methods 
that applied to them. 

+ class bio View-Object (Table 40): inherits all attributes and icon from bioObject, and can only have 
subclasses, not instances. A user-menu-choice labeled Details is defined for this class. Upon selection 
of this option from the icon of any instance of any subclass of bioView-Object by the user starts the 
procedure go-to-view-proc, which takes among its arguments the instance from which it was invoked 
and the current window and, depending on the value of the instance's Toggle-state attribute of hide 
or show, it causes the instance's subworkspace to be displayed or hidden, it toggles such value to the 
other value, which is an event that fires a rule that causes the instance's icon to be configured to its 
pressed or depressed appearance, and respectively. New attributes defined for this class comprise: 

- "references", denned for several subclasses of bioObject, is an optional text that makes reference to 
the sources of information and data used to construct and configure that instance of any subclass of 
bioObject for which it is defined. This attribute may be defined as: a) a simple text attribute, 
which the user may consult to perform independent searches, or using this invention search facilities, 
such as the Master-Reference-Panel (not shown); or b) a reference-array (Table 17) in combination 
with the user-menu-choice "show-references", which when selected by the user starts the 
show-references-of-array-proc (Table 107), which displays dynamically created copies of the 
instances of reference-block {Table 34) referred to by the values of that array. 

- "warnings" is an optional simple text attribute which value is set by the modeler to warn the user 
about any abnormalities or data included, such as, for a bioReservoir, when that particular pool of 
molecules have not yet been observed experimentally, but can be assumed to exist by analogy to 
similar systems, or when the pool has been observed but the quantitative data has been assumed. 
This attribute is used in conjunction with a design (723, 843) in the icons denned for all those classes 
and their subclasses as a separated color-region, called flag-color, that is changed to yellow to make 
the user aware of the existence of warnings, or back to any appropriate color. Those changes are 
automatically executed by procedures invoked during initialization, or at run-time by a set of rules. 

- "toggle-state" is an attribute also defined for objects which icons' appearance change upon selection 
by the user, depending on the value of this attribute which alternatively switches between show 
and hide when the user clicks on the icon. 

h ) BioEntities 

• A bioEntity is an iconic knowledge structure that represents any biochemical entity or their 
components, at different levels of structural complexity. Each bioEntiry may have information 
encoded in various ways, including: a) information and data stored in its table of attributes, and b) 
each bioEntiry may have a subworkspace upon which the components that represent its functional 
modular structure are visually defined. As shown in FIG30, selecting from a bioEntiry icon's (3004) 
menu (3005) the "details" option (3006) displays its structure (3007), which may have several layers 
of detail (3008 through 3022). In the current implementation, functional components represent 
structural components that are relevant for the bioEntity's function and regulation, that allow the 
user to visualize the structural composition. The iconic composition is also used in the inference used 
for processing of queries that involve the structure, which refer to bioEntities that have certain 
components in their subworkspace. Each functional component of a bioEntity belongs by itself to a 
bioEntity class, either molecule or bioEntity-component or any of its hierarchy of subclasses. 
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• The class bioEntity (Table 42), a subclass of bioObject, has numerous subclasses, organized in a 
hierarchical structure with different levels, according to the way a biochemist would classify 
different molecules, by taking into consideration their commonalities in chemical composition in the 
upper levels of the hierarchy, such as protein, nucleic acid, or lipid, followed by a reference to their 
function, such as, within the class protein, active-polypeptide, receptor, or enzyme. Table 41 shows 
a partial listing of such hierarchy, with some examples of the subclasses at different levels. 
Additional attributes indude References, described above. 

• There are two major subclasses of bioEntity: 

+ The class simple-bioEntity (Table 43) includes all the subclasses with simple structures that are not 
further visually described in the current implementation, and they do not generally have 
subworkspaces with additional components. This class has two subclasses (Table 43), protein-site, 
and protein-modified -group, each with its additional subclasses: Additional attributes include: 

- Id is a simple attribute that is used to hold a text to identify the instance instead of using a unique 
name; 

- Position is a simple attribute text that indicates the position of that component within the molecule 
when applicable, such as the position of an aminoacid in the sequence of a protein, and is usually 
displayed; and 

- Superior-bioentity is a simple indexed attribute that holds the name of the first superior bioEntity 
in the workspace hierarchy that has a name, if any, a value that is computed by the program within 
the query reasoning and, as explained later, this mechanism is provided to avoid repetition of 
structures that are shared by various instances of the same family or of other families that share 
regions of homology. 

+ The class complex-bioEntity (Table 44) includes all those subclasses that can be further described by 
their components in their subworkspaces. As shown in FIG30, selecting from icon's (3004) menu 
(3005) the "details" option (3006) displays its structure (3007), which may have several layers of 
detail (3008 through 3022). Additional not previously described attributes include: 

- Master-bioentity is a simple indexed attribute that may hold the name of a bioEntity that is 
displayed when the user selects the "details" option. This value is set by the program upon cloning 
an existing named bioEntity using the create-local menu option, as described later. BioEntities with 
no names which Master-bioentity names another bioEntity, the master bioEntity, can be considered 
as only a copy or pointer to the subworkspace, or Master-details, of the master bioEntity, but it can 
also hold additional information in its table of attributes or in its own subworkspace, or 
Local-details. 

• The major subclasses of complex-bioEntity, defined to deal with multiple levels of biochemical 
structural complexity, include: 

- the class bioEntity-component and its subclasses (Table 44) represent he lower -level molecular 
functional components such as: dna -component and its subclasses, such as dna-domain, promoter, 
operator, and so on; protein-component and its subclasses, such as protein-domain, protein-motif, and 
so on; and membrane and its subclasses. The subclasses of this class may have 4 stubs of the class link 
used to link different bioEntity-components, allowing for branching, and those stubs that are not used 
can be dragged away. Additional attributes include: Superior-bioentity and Position, defined above; 
and Size. 

- the class molecule (Table 45) and its successive level of subclasses such as those of protein (Table 45), 
nucleic-acid, and so on, represent the next level of complexity. For example, ss shown in FIG JO, a 
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protein may have a set of domains or motifs, or a combination of both, and it may have in addition 
one or more protein-sites, or protein-modified-groups, connected to the domains and or motifs at 
approximate locations, with the more accurate position displayed in the "position" attribute. A 
protein-domain may also have in its SW a set of smaller domains or motifs, or a combination of both, 
and it may have in addition one or more protein-sites, or protein-modified-groups, including copies of 
those connected to the icon of the domain. 

- the class heter-mol-complex and its subclasses, such as nucleosome, tf-dna-complex, represent a 
higher level of complexity. A heter-mol-complex or a complex-molecule may be composed of other 
molecules. For example, a tf-dna-complex may have a dna or a gene icon in association with one or 
more icons of specific transcription-factors. In turn, the structure of a simple molecule is represented 
by an ordered set of bioEntities of the class bioEntity-component in its subworkspace. 

- the class membrane and its subclasses, are used to represent interactions of several types of cellular 
membranes with other molecules; 

• In addition to the structure in its subworkspace, additional information about an instance of bioEntiry 
can be stored in its table of attributes, such as the example shown for a default instance of the 
subclass p.tyr.kinase (Table 45). The inherited attributes shown are successively added through the 
hierarchy of its superior classes molecule, protein, and enzyme, and include: 

- Synonyms is a simple text attribute to list the different names by which a molecule or complex may 
beknown; 

- In-species is a simple text attribute to list the species or common name of living organisms in which 
that molecule or complex has been found, such as all, human, mouse, Drosophila, C. elegans, S. . 
cerevisiae, and so on; 

- In-tissues is a simple text attribute to list the tissues in which that molecule or complex has been 
found. 

- InCells is a simple text attribute to list the cell types in which that molecule or complex has been 
found. 

- InOrganelles is a simple text attribute to list the organelles within a cell in which that molecule or 
complex has been found, and it may take values such as plasma-membrane, cytosol, nucleus, and so on. 

- Cas-number is a simple text attribute to indicate the CAS number assigned to that molecule, which is 
indexed to allow for faster searches and has a default value to indicate the preferred format; 

- Mol-weight is a simple integer attribute to indicate the molecular weight of a single molecule or 
complex, preferably expresses in Daltons; 

- Isoelectric-point is a simple float attribute to indicate the isoelectric point of the molecule or 
complex; 

- Sequence is a simple text attribute to contain information about the sequence of a molecule, if 
relevant; 

- Substrates-info is a simple text attribute to contain information about the known specific substrates or 
groups targeted by the enzyme; 

- Inhibitors-info is a simple text attribute to contain information about the known specific inhibitors of 
the enzyme; 

- Ligands-info is a simple text attribute to contain optional information about any other ligand that 
may bind to the enzyme; 

• The dass bioEnbty-notes (Table 46), a class of bioTool, comprise auxiliary structures located the 
subworkspace of a bioEntiry, that serve as iconic containers for different types of specific information 
about the bioEntity, which can be displayed by selecting the "details" menu option. 
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) BioReservoirs 
• CU&s bioReservoir 

- As shown in FIGs. 12 and 13, a bioReservoir (1201) is an iconic object that represents an imaginary 
container of a population of similar molecules or molecular complexes, represented by a bioPool 
(1301). A bioReservoir has several operational functions and encapsulates several forms of 
knowledge. A bioReservoir's menu (1202) provides access to a variety of tasks to be discussed in 
sections below. Here we will define some of the components involved. The "table" option (1203) 
displays its table of attributes (1204), which holds values set by the modeler that, in addition to 
provide useful quantitative or qualitative information to the user, may be used by the program to set 
the initial conditions before a simulation is run. The values of some of the attributes of a 
bioReservoir characterize the system and are stored as part of the permanent database. The values 
of other parameters and variables.pertaining to a bioReservoir which are computed when a 
simulation is run, but which do not usually require to be set by the modeler, are hidden for 
convenience as attributes of the bioPool contained in each bioReservoir, as described below, but they 
could as well be implemented as attributes of the bioReservoir. 

+ The class bioReservoir (Table 47) is a subclass of bioView-Object and its subclasses (Tables 47 and 48) 
include: bound-mol-reservoir, sol-mol-reservoir, cell-reservoir, exp<ell-reservoir, 
genet-mol-Reservoir, some with further subclasses . All instances of all subclasses of bioReservoir 
have an activatable-subworkspace, which means that any object upon such subworkspace are not" 
recognized by the inference engine or the simulator unless the subworkspace is activated, and" 
therefore any of the tasks associated with their icons are not functional when inactivated. When 
the application is started, all those subworkspaces are deactivated, and in the current 
implementation of this invention they are activated when the general initialization procedures are 
invoked, as described below. In FIG.12 is shown a table of attributes (1204) of an instance not yet • 
configured, shown here with its default values. The unlikely default value of 9.9e-99 given to some 
of those attributes, which provides a) a signal for the user that an adequate value has not been 
entered yet by the modeler, and b) a branching criteria for the inference engine. Attributes newly 
defined for this class and its subclasses not previously described include: 

- Compartment (1205) is an simple attribute optionally set by the modeler to represent the physical 
boundaries of the contained bioPool; 

- Status (1206) is a symbolic attribute which value is set and used at run time by the simulation and 
other procedures, as an aid in the activation of pathways and in the creation of interactive pathway 
displays. It can take any of the values specified in the definition table and it is not visible to the 
modeler or other users. 

- Ref-bioentity (1207) is an optional attribute optionally set by the modeler to point to the bioEntity 
instance that describes the structure of a unit representative of those populating that bioReservoir. 
This value is used by the program when the user selects the "bioEntity" option from the menus of 
either the bioReservoir itself or any of the bioReactants and bioProducts distantly connected to its 
bioPool, and that option appears on those menus only when the value of this attribute is not the 
default value none; 

- Master-bioreservoir (1208) is set only by the program when copies of named bioReservoirs are made, 
such as those used in the creation of interactive pathway displays, and is used by the program to 
display the subworkspace of the bioReservoir referred to by the value of this attribute, when the 
"master-details" menu option is selected by the user. This attribute is not visible to the modeler or 
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other users. 

- Decay-rate-factor (1209) is a parameter which value may be entered by the modeler or can be 
modified at run time by rules or procedures. Its default value is 2.0e-4, a value small enough not to 
cause dramatic changes, but in line with some experimental observations in the domain of this 
invention, but it should preferably be modified by the modeler to better reflect individual cases; 

- If-scaling-amount (1210) is a simple attribute set by the modeler to indicate to the program the value 
to be used to interconvert between the absolute-valued and the scaled-valued variables or 
parameters of bioPools and their connected bioReactants. The complex methods used for this 
conversions differ, depending on the classes of bioPools and bioReactants involved, as discussed in 
more detail under the Simulation Mode heading. Its default value of 100 is used if not modified by 
the modeler, if the value of the if-scaling-bioreservoir attribute is none; 

- If-scaling-bioreservoir (1211) is a simple attribute which value may optionally be set by the 
modeler to indicate to the program, that the value of the if-scaling-amount should be taken from the 
bioReservoir named by this attribute. This value is only required or used when the value of the 
if-scaling-amount attribute is the default, otherwise, the later value is used and this attribute is 
ignored. This and the previous attribute are not visible in General Mode; 

- Scaled-basal-amount (1212) is a float simple attribute set be the modeler that represents the scaled 
value of the amount of units in the contained bioPool under normal or basal conditions, equivalent to a 
fraction of the maximum amount that this bioPool can reach under optimal physiological conditions. 
Since in many occasions in the domain of this invention neither the basal nor the maximum amounts 
can be measured or known with certainty, this value represents in such occasions the best estimated 
guess, and it is an important semi-quantitative knowledge component. The default is the unlikely 
value of 9.9e-99. 

- Physiol-abundance (1213) is a symbolic attribute which value is set by the modeler to indicate the 
physiological level of abundance of the contained entity in the compartment represented by that 
bioReservoir. It is a symbolic replacement of the previous attribute when the 9.9e-99 has not been 
modified by the modeler. The values allowed for this attribute in this invention are: highest, 
abundant, steady-state, low-induced or only induced, which currently correspond to the scaled values 
of 1.0, 0.9, 0.5, 0.1, and 1.0e-9, respectively. However, this default scale can be changed to different 
values, and additional symbols and values can be added to the scale. As and alternative, fuzzy-sets 
can be defined for the values of this attribute, and fuzzy-logic can then be applied to those values. 
The reasoning for using the values of either the previous or this attribute, in conjunction with one or 
more of the following attributes, are discussed in more detail under the Simulation Mode heading. 

- Nonnal-baaal-concentration (1212) is a float simple attribute set be the modeler that represents the 
physiological average value of the concentration of the entity contained in a sol-mol-reservoir; 

- Normal-basal-density (instead of 1214) is a float simple attribute set be the modeler that represents 
the average value of the density of the entity contained in a bound-mol-reservoir. 

- Physiol-max-conccntrabon (1215) is a float simple attribute set be the modeler that represents the 
physiological maximum value of the concentration of the entity contained in a sol-mol-reservoir; 

- Physiol-max-density (instead of 1215) is a float simple attribute set be the modeler that represents 
the physiological maximum value of the density of the entity contained in a bound-mol-reservoir. 

- Selecting the "details" option (1216) displays the subworkspace (1217) which contain the 
components that characterize a bioReservoir. The classes of those components that are using in the 
modeling process are defined below, while other auxiliary structures are described in later sections. 
The descriptive qualitative, structural, and functional information of a bioEntity is kept in this 

47 



WO 96/22575 PCT/US96/0Q853 
invention separated from the configurable additional quantitative information that characterizes 
each bioReservoir, allowing the Ref-bioennty of several bioReservoirs, representing populations of 
the same type of entity in different locations or points in time, to point to the same bioEnnty to 
reduce the size of the Virtual Model. 

• OassbioPool 

+ The class bioPool (Table 49) is a subclass of bionode-object and comprises several subclasses, such as 
sol-mol-pool, bound-mol-pool, ... , including those denned in Tables 50 and 51. A bioPool is defined 
with a characteristic icon with two sets of stubs of two classes of connections: a set of p-connecrion 
stubs at the top of the icon, and a set of r-connection stubs the bottom of the icon. As described above, 
each p-connection stub (716) is to be connected (717) to a biopool-p-post (712) and each r-connection 
stub (718) is to be connected (719) to a biopool-r-post (704) on the subworkspace of the bioReservoir, 
which allow to establish distant connections to a bioReactant and a bioProduct, respectively, and 
allow bidirectional flow of data and control between them. As shown in FIG.13, every instance of 
bioPool (1301) has an associated menu (1302), and selecting the "table" option (1303) displays its 
table of attributes (1304). Several of the attributes of a bioPool are variables or parameters, which 
include a density-related set and a concentration-related set, which values do not have to be set by 
the modeler (with the exception of the basal quantities, which are preferably set by the modeler if 
known, but they are not required, since they can be computed from the set values of other attributes of 
the bioReservoir, or their default values), since they are inferred or simulated, as described under 
the Simulation Mode heading. The units of all the parameters and variables of all bioPools 
connected to the same bioProcess have to be appropriately matched. Newly defined attributes of 
bioPool comprise: 

- Basal-Density (1305) is given by a basal-density-par (1306). The subclass sol-mol-pool has 
additionally a Basal -Concentration (1321) given by a basal-conc-par (1322). The values of either of 
these attributes may be set by the modeler to indicate: a) the normal physiological steady state 
density or concentration, or any other appropriated measured or assumed value, for physiological 
molecules or complexes, or b) 0.0 for pharmacological or other molecules that are added to the system 
from an external environment. This value is required for any bioReservoir that participates in a 
simulation, and if its default value has not been overridden by the user with a new value, the 
program sequentially pursues other sources of the Basal-Density value, as determined by a generic 
basal-density-procedure which is called during the activation process of a simulation, only for those 
bioReservoirs that have been activated for a simulation; 

- Scaling-Density (1307) is given by a scaling-density-par (1308) which value is inferred by a 
procedure invoked at initialization, as discussed in more detail under the Simulation Mode heading. 
This value is used by simulation formulas to interconvert scaled values and absolute values. 

- Density-Entry (1309) is given by a density-entry-pvar (1310). It takes the value of a user-input at a 
time, or different times intervals, during simulation as denned by the user in an input-panel, during 
the simulation set-up process. It has a default value of 0.0, and a new value may be inferred and set 
by a procedure called when the simulation is started, and, after the new inferred value has been 
propagated, it reverts back to the default value of 0.0. This value is an argument to the 
Accumulation, where it is summed to other inputs and outputs; 

- Scaled-Entry (1311) is given by a scaled-entry-pvar (1312), and it is the scaled equivalent of the 
Density-Entry, with its value set and used in a way similar to that described above; 

- Input-Rate (1313) is given by a input-rate-pvar (1314), which value is given by a simulation formula 
that sums all the visually defined inputs, including: a) the current values of the Production-Rate of 
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all the bioProducts connected to the biopool-p-posts of the bioPool, if any; and b) the input modeled 
by means of a model-block contained in any connected input-model-box (or scaled-input-model-box), 
if any; 

- Output-Rate (1315) is similarly given by a output-rate-pvar, which value is given by a simulation 
formula that sums all the visually defined outputs, including: a) the current values of the 
Consumption-Rate of the consuming bioReactants connected to the biopool-r-posts of the bioPool, if 
any; and b) the output modeled by means of a model-block contained in any connected 
output-model-box, if any; 

- Accumulation (1316) is given by an accumulation-pvar, a time variant and continuous state variable 
which represents a quantity in the classical systems dynamics sense which, given an initial value 
here set to be equal to the basal-amount (or scaled-basal-amount), as discussed under the Simulation 
Mode heading, integrates the input-rate, the output-rate, the input entered by the user through an 
input-panel, if any, and the decay term, which is a function of the current value of the Concentration 
or Density as given by the decay-rate-factor of the bioReservoir (a decay rate constant in sec A (-l)) 
which represents a variety of outputs not modeled visually or through a model-block, including the 
degradation and diffusion components). Since at steady-state the overall rate of output is equal to 
the overall rate of input, then, by definition, the Accumulation should approach 0.0 in a dosed 
system, in the absence of additional external disturbances, such as user-inputs or inputs modeled by 
model-blocks. 

- Density (1317) is given by a density-pvar (1318) which value represents the number of molecules, 
complexes, or cells per liter, or any other unit of volume, such as the volume of the reaction mixture in 
a reactor. The subclass sol-mol-pool has the additional attribute Concentration (1317) given by a 
scaling-density-par (1318), which value in M (Molar) represents moles per liter. In the 
implementation used to illustrate this invention, simulations operate by default based on the 
Density of the bioPools involved. In the case of sol-mol-pool, where the quantities used by scientists 
may be most commonly given as Concentrations, the second set of concentration related variables is 
defined to facilitate user-input, but those quantities are preferably transformed into density-related 
variables by the program, using Avogadro's number (6.023e23 molecules per mol), before integration 
with other quantities. However, several other types of quantities could be used as well, with little 
conversions to other units of measure, such as activity (X-units times Y-unit), amount (X-units), or 
others types of densities (such as X-units per Y-unit). The same concepts and the same type of 
formulas, rules and procedures, apply to other-quantities, and a variety of units may also be allowed 
for entries from the user or other external sources, by providing lookup-tables or any other standard 
methods for automatically converting any of those units to the desired target units. Hence, the 
modeler has the option to design and define a system totally or partially based on a different 
quantity measurement, as long as proper care is taken to maintain consistency throughout the system. 
In those cases, the quantities entered by the modeler in the attribute slots of the bioReservoir that 
refer to physiological levels would also have to reflect those different sets of units. 

- Scaled-Amount (1319) is given by a scaling-density-par (1320), which value represents an scaled, 
dimensionless, alternative to Density, Concentration, or any other absolute-valued quantity. This 
attribute is used in the default scaled reasoning, which is the preferred method when dealing with 
biological systems, when absolute quantitative data is incomplete, and much of the data available 
is from relative measurements. The Scaled-Amount can be converted into a Density, and viceversa, 
by using the value of the Scaling-Density of the bioPool. _ 

• Class bioPool-post 
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+ The class bioPool-post is a subclass of bioPost (Table 52) and has two subclasses: biopool-p-post (712), 
which is to be connected to an input p-connection at the top of a bioPool's icon, and its name is to be 
given to one bioproduct-post to establish a distant connection; and biopool-r-post (704, 708) which is 
to be connected to an output r-connection at the bottom of a bioPool's icon, and its name is to be given to 
one bioReactant-post to establish a distant connection. BioPool-posts are located upon the 
subworkspace of a bioReservoir and connected a bioPool, which function in combination with 
bioRole-posts is to connect the bioPool to one or more bioEngines. The additional attributes for this 
classes include: 

- Id is a simple text attribute used as a unique identifier, instead of the unique name, in some types of 
processing, such as in the alternative simulation procedures described in that section; 

- Ref-bioprocess is a pointer to the bioProcess instance that contains the bioProduct or bioReactant to 
which the biopool-p-post or biopool-r-post, respectively, are distantly connected. The value is 
interactively set by selecting the "set-refs" menu option of the bioproduct-post or bioReactant-post to 
which it is distantly connected;, and it is used by the program for interactive navigation through 
bioReservoirs and bioProcesses, as described below. 

• Class model-box 

- As shown in FIG.12, a model-box is an iconic object located upon the subworkspace of a bioReservoir 
and connected to its bioPool, which function is to hold and connect the optional model-blocks on its 
subworkspace to the bioPool. The class model-box (Table 53) is a subclass of bioTool and has three 
subclasses, each playing a different role as their name indicate: scaled -input-model-box (1218), - 
input-model-box (1236), and output-model-box (1237) . Model-boxes are interactively created by 
selecting a menu option of the closest bioPool, as described below. An instance of model-block is 
connected manually to the connection-post (1238) which comes with the subworkspace pf^a 
model-box. The superior connection of such connection-post is that defined by the stub of the 
model-box that contains it, and therefore, the model-block (1222) connected to it is distantly 
connected to the bioPool to which the model-box (1218) is connected. The menu options available for 
all subclasses of model-box are different, depending on the user mode. When clicking on a model-box 
(1218) in any of the user modes bypasses its menu (1219) and selects the "show-sw" option (1220), 
which causes its subworkspace (1221) to be displayed. 

j) BioProcesses 

• Class bioProcess 

- The class bioProcess (Table 54) is a subclass of bio View-Object, and comprises the subclass 
cell-bioProcess. As shown in FIGs. 14 and 15, a bioProcess is an iconic object (1401) which 
subworkspace (1407) contains components that visually represent the preconditions (bioReactants), 
the process engine (bioEngine) and the effects (bioProducts) of a process as connected objects with 
encapsulated variables and parameters that describe the process qualitatively and quantitatively. 
The subworkspace of bioProcesses is activatable, allowing to control the availability of its 
components by activating or deactivating the subworkspace. In the current implementation those 
subworkspaces are activated with the general initialization procedures, as described under the 
General Mode heading. The many different types of bioProcesses are all instances of that class or its 
subclass, and differ mainly in the iconic components upon their subworkspace. The different types 
are also visually distinguished by different colors for the type-color region of their icon, which is 
changed programmatically to be the same color as the color of the type-color region of the bioEngine 
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they contain. 

+ A bioProcess has several operational functions and encapsulates several forms of knowledge. Each 
instance of bioProcess has a menu (1402)provides access to a variety of tasks to be discussed in sections 
below. Here we will define some of the components involved. The "table" option (1403) displays its 
table of attributes (1404) which holds various attributes, some of which have values that are set by 
the modeler and provide information for the user, and others are auxiliary attributes hidden from 
modelers and users which values are set and used only by the program at run-time. Most attributes 
specific for this class have been previously described for other classes. Newly described attributes 
include: 

- Master-bioprocess (1405) is set by the program when copies of a named bioProcesses are made, such as 
those used in the creation of interactive pathway displays, and is used by the program to display 
the subworkspace of the bioProcess referred to by the value of this attribute, when the 
"master-details" menu option (visible only when the attribute has a non-default value) is selected 
by the user. This attribute is not visible to the modeler or other users. 

• The "details" option (1406) displays the subworkspace (1407) with all its visual components. In 
addition to other auxiliary structures to be discussed below, the main components comprise a single 
bioEngine (1501) which represents the interactions between the inputs represented by the 
bioReactants (1408 and 1419) where the bioProduct(s) (1518) are generated. 

- As described below (FIG.32), a cell-bioProcess may contain bioReactants and bioProduct that 
represent pools of cells, in addition to containing bioReactants and bioProduct that represent pools of 
chemicals. So it is possible to have bioProcesses where molecules interact with molecules, as well as 
cell-bioProcesses where molecules (3205) interact with cells (3204), or cells interact with cells. In 
addition, there may be a pool of pairs of interacting-cells as a result of cells interacting of cells (not 
shown). Other type of bioProcesses represent translocation processes between location compartments, 
where the bioReactant represents a fraction of a given bioPool in a given compartment which is 
removed from that bioPool and transferred, with a time-lag if so desired, to the target bioPool 
which is connected to the bioProduct, and which represents a different pool the same entity in a 
different compartment. Additional types of bioProcesses represent transfer of cells from a bioPool 
representing one state of those cells to another bioPool representing a different state of those cells. 
Each of these types of bioProcesses contain the appropriate subclasses on bioEngines. There are many 
other types of bioProcesses defined in this invention and, in addition to those examples already 
mentioned, some others are discussed with the modeling approaches below. Many more types of 
processes can be represented by composing additional types of bioProcesses by a modeler skilled in 
the art. 

* Qass bioEngine 

- The class bioEngine (Table 56) is a subclass of bionode-object and comprises a hierarchy of subclasses. 
A few examples of which incremental definitions are shown in Tables 56 through 58, such as: 
amplifier-bioengine, binding-bioengine, lumped-bioengine and cell-bioEngine. Each bioEngine's icon 
has a number of stubs of di fferent types of r-connections at the top, to be connected only to 
bioReactants, and a number of stubs of p-connections at the bottom, to be connected only to bioProducts. 
The number and class of defined specific connections specify the different classes of bioReactants to 
be connected, such as enzyme.r, substrate.r, inhibitors, receptor .r, agonist.r, antagonists or unit.r. 
The bioEngines of the class lumped-bioengine, including those with two or more enzymes, represent 
lumped models of a two or more reactions in series, and are used to model stretches of pathways 
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which detail is either not desired or not known, and only the rate limiting reactions are represented. 

+ The major subclasses of bioEngine (Table 55) are arranged according to the type of reaction or process 
they represent, indicated by their names. The next level of classes usually refers to the type of 
activity of the members of the class and is usually characterized by the dass of the variable that 
defines its Velocity attribute. Further subclasses of each of those classes are defined according to 
the number and type of their defined stubs, which in turn determines the number and classes of 
connected bioReactants, and further by color coding the icons to show further specialization, such as 
using different type-color for different types of enzymes, such as protein-kinases, protein 
phosphatases, and so on. Further differentiation between particular instances can be generated by 
selecting as the value of their Velocity attribute an instance of different subclasses of velocity-pvar. 
The nomenclature used for each subclass refers to the defined bioReactants, such as: 

- bioengine.El.S2. II. Em is an enzyme-bioengine that represents an enzymatic reaction and which icon 
has at the top four stubs: one for the enzyme r, two for substratel.r and substrate2.r, and one for an 
inhibitor .r. 

- bioengine.Rl.Ll Anl Jim is a receptor-bioengine which icon has at the top three stubs: one for the 
receptor .r, one for ligand.r, and one for an antagonist.r; 

- bioengine.Ml.Efl.Anl.CCm is a conform-change-bioengine that represents an induced conformational 
change process which icon has at the top three stubs: one for modifier t, one for effector .r, and one for 
an antagonists; 

- bioengine.U2.CFm is a complex-formation-bioengine that represents the formation of a complex from 
two previously independent bioEntities (which may themselves be complexes) and which icon has at 
the top two stubs: one for unitl.r and one for unit2.r; 

- bioengine.Cl.Ml.CDm is a complex-dissoc-bioengine that represents the dissociation of one complex 
induced by a mediator into two or more independent bioEntities (which may themselves be 
complexes) and which icon has at the top two stubs for complex. r and mediator .r. 

- bioengine.chl.iil.Ll.ICm is a channel-bioengine which icon has at the top three stubs: one for 
channels, one for ion-Input.r, and one for antagonist.r; 

- bioengine.Cl.Inl.Tm is a translocation-bioengine that represents a translocation between different 
compartments and which icon has at the top two stubs: one for carrier .r and one for input r; 

+ As shown in FIG. 15, a bioEngine (1501) is located upon the sub workspace of a bioProcess that 
represents the action of any process, such as synthesis, modification, complex-formation, 
translocation, diffusion, degradation, and so on. Selecting the "table" option (1503) from the menu 
(1502) of a bioEngine (1501) displays its table of attributes (1504), in this case with the default 
values. Newly defined attributes not previously described include: 

- Velocity (1505) is an attribute specific for each subclass which value is an instance of any of the 
subclasses of rate-pvar, described above, which for the receptor-bioengine shown is a 
binding-rate-pvar (1506). The values for this dependent variable are provided by generic simulation 
formulas that model the rate of the interactions of the bioReactants connected to the bioEngine. Its 
arguments may be the Contributions of each of its bioReactants, when using the scaled set of 
variables and formulas, or the bioReactant's kinetic-coefficients and the Densities, Concentrations or 
other quantities of the bioPools connected to the bioEngine through the bioReactants. Its output is an 
argument for the Consumption-Rate and Production-Rate of the connected bioReactants and 
bioProducts, respectively. Therefore, this attribute may take as arguments either a set of 
scaled-valued variables and /or parameters, in which this attribute would be also scaled-valued, or 
a set of absolute- valued variables and/or parameters, in which this attribute would be also 
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absolute-valued, respectively. 

- Rate-constant-sec (1507) is a simple float attribute which value may optionally be set by the 
modeler to provide the rate-constant in seconds for the overall process. This value is used, in 
combination with the Contribution, by the set of generic simulation formulas that use the scaled set 
of variables, which is currently the default mode of operation. The default value is used if no other 
value is set by the modeler. 

- Tau-coeff (1508) is by default a simple float attribute which value may optionally be set by the 
modeler to modify the rate-constant-sec by such factor, allowing for testing the effects of a 
modification of such parameter on the simulation of the system without having to change the value 
of such parameter which may have been obtained experimentally. This value is incorporated by 
default in the generic formulas provided, and if not configured by the modeler, multiplying by its 
default value of 1.0 has no effect on the system. 

- Bias (1509) is a simple float attribute which value may optionally be set by the modeler to modify 
by a constant amount the rate-constant-sec, for testing purposes, without having to change the value 
of the later attribute. This value is incorporated by default in the generic formulas provided, and if 
not configured by the modeler, adding its default value of 0.0 has no effect on the system. 

- Time-lag (1510) is an optional time-interval attribute that may be useful for certain instances of 
bioEngines, which value, given by a time-delay-par (1511), is optionally set by the modeler to 
indicate the period of time by which the forwarding of the computed output of the Velocity of a 
bioEngine is delayed. It represents a time delay, equivalent to holding an amount from a bioPool for 
the specified period of time, which is returned after that time has elapsed. An example of its use is 
when a bioReactant and a bioProduct of this process are both connected to the same bioPool, and die 
forwarding of the output value of the Velocity is delayed. The value of this attribute may also be 
modified at run time, as a result of dynamic events related to this or other processes, and may be 
simulated or inferred by means of modeler-defined formulas, rules, or procedures; 

- pH (1512) and Temperature (1516) are optional float attributes which values are given by a ph-par 
(1513) and a temperature-par and which, as their name indicate, represent the environmental 
conditions under which the process takes place. The values of these parameters may vary at run 
time, as a result of dynamic events related to this or other processes, and may be simulated or 
inferred by means of modeler-defined formulas, rules, or procedures; 

- pH-deviation-factor (1514) and Temp-deviation-factor (1517) are optional float attributes which 
values are given by a ph-factor-par (1515) and a temp-factor-par and which are used in conjunction 
with "pH" or "temperature", respectively, and represent a correction factor that either accelerates 
or deaccelerates the process when the values of either the pH or the temperature deviates from 
their defined default values. If used, the values of these parameters may remain constant or may 
vary for different values of the pH or temperature, as defined by a tabular function similar to a 
look-up table. 

• Class bioRole-Object 

- The class bioRole-Object (Table 59) is a subclass of bioObject, and has two subclasses: bioReactant and 
bioProduct. A bioRole-Object is an iconic object that represents the role that units from a bioPool 
plays in a bioProcess, either as a different types of bioReactants, such as: enzyme.r, substrate.r, 
inhibitor.r, subunit.r, receptor.r, agonist.r, antagonists, carrier .r, and so on, each representing the 
specific roles of the inputs that different bioReactants provide to the bioEngine, or as a bioProduct. 

- As shown in FIG.14, a bioReactant (1408 and 1419), is connected by an input r-connection at the top of 
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a bioEngine, and represents the material contribution from a bioPool to the bioEngine to which it is 
connected. To be operational, the bioReactant-post connected to a bioReactant must have the same 
name as one of the bioPool-r-posts connected at the bottom of a bioPool. The two bioReactants shown 
are representative examples of a pair of two interacting molecules or complexes with complementary 
roles or functions: a receptor and its ligand. As described earlier, may other combinations of two, 
three or any other number of interacting participants are possible, to represent other types of 
processes, such as combinations of enzyme and substrate(s), units that form a complex, and so on. 
These combinations may also include antagonists or inhibitors, which may alternatively be 
represented as competing in a separate process, the latter being the preferred alternative in the 
default implementation using the scaled set of variables and simulation formulas. 

+ The class bioReactant (Table 61) comprises a hierarchy of subclasses, such as: amplifter-bioreactant, 
source-bioreactant, leading-bioreactant, binding-bioreactant, inhibitor-bioreactant, 
single-bioreactant, cellReactant, cell-receptor, extracell-ligand, and their subclasses. A few 
examples of their incremental definitions are shown in Tables 61 through 64. There are several 
attributes common to all subclasses of bioReactant, while each subclass has one or two specific 
attributes. Every bioReactant (1408 or 1419) has its menu (1409 or 1420), and selecting its "table" 
option (1410 or 1421) displays its table of attributes (1411 or 1422), in this case showing the default 
values for their attributes. New and not previously described attributes specific for any of the 
subdases include: 

- Stoichiometric-coeff (1412) is a simple float attribute of all subclasses of bioReactant and 
bioProduct, which constant value represents the characteristic stoichiometric coefficient of that 
participant in that particular bioProcess. In other words, the set of the stoichiometric-coeff of all 
bioReactants and bioProducts of a particular bioProcess indicates the relationship between the 
number of units of each bioProduct produced per number of units of each bioReactant; — 

- Alpha-coeff (1413) is a simple float attribute which value may optionally be set by the modeler to 
modify by a factor the Contribution, which value is computed by the program. This is of interest for 
testing the effects of a global modification of such variable on the simulation of the system. This 
value is incorporated by default in the generic formulas provided, and if not configured by the 
modeler, multiplying by its default value of 1.0 has no effect on the system. Alternatively, the 
modeler may delete the alpha-coeff-par and provide instead a simple float value 

- Contribution (1414) is an attribute of every subclass bioReactant which value is given by a 
contribution-pvar (1415), which value is dynamically computed while a simulation is running. The 
meaning and use of this attribute is a novel teaching of this invention, designed to meet some of the 
challenges posed by the domain of this invention, where bom qualitative and quantitative 
knowledge is frequently scattered and incomplete. This attribute represents, as its name indicates, 
the Contribution of each bioReactant to determining the overall rate of the transformation that the 
bioProcess, as represented by the Velocity of its bioEngine. the contribution is a variable that can 
take values from 0.00 to 1.00, and represents a dimensionless scaled concentration (or other equivalent 
quantity variable). The scaling of the concentration is done at the bioReactant level, rather than at 
the bioPool level, to allow for additional flexibility. In this way, the absolute concentration can be 
scaled differently for each bioEngine, centering around the specific constant that characterized the 
molecular interactions between each specific pair of bioReactants. The type of constant may be 
different for different bioReactants representing the same BioPool depending on the role played by 
each bioEntity in a given bioEngine, such as a Km for each substrate, the Ki foT an inhibitor, the Ks 
for ligands or complex-subunits. The default values for all types of contribution are equal to: a) 05 
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for normal steady-state physiological conditions (for that particular compartment); b) 0.0 for 
bioPools of inducible proteins or non-physiological molecules; or c)l for constitutive and repressive 
proteins. The user can either directly override a relative value or leave the default values. A 
generic formula specific for each of the bioReactant classes determines how the value of each 
contribution class is computed. 

- Consumption-Rate (1416) is an attribute of every subclass of bioReactant which value is given by a 
dependent consum-rate-pvar (1417), which value is dynamically computed while a simulation is 
running, and indicates the rate of consumption of units of the connected bioPool in such bioProcess. Its 
arguments are the bioReactant's stoichiometric-coeff and the Velocity of the bioEngine, and its 
value is an argument for the Output-Rate of the connected bioPool. For those classes of bioReactants 
that are not consumed in a reaction, the value of this attribute remains 0-0. In this invention, an 
enzyme.r or an inhibitors are preferably not consumed in the enzyme-processes. However, they may 
be retained, by modeling them with a time-delay-var with its specific formula. Note that the 
connected bioReservoir may be configured for the quantity of the bioPool to decay dynamically, 
representing their degradation and diffusion components, and it also may be consumed in oth er 
bioProcesses; 

- Effective-binding-sites (1418) is a simple float attribute of the subclasses of bioReactant that refers 
to molecules or complexes that have binding activity, such as all the subclasses of 
amplifier-bioreactant and leading-bioreactant, and its value is set by the modeler to indicate the 
number of effective binding sites per unit. 

+ Kinetic-parameters are by default simple float attributes specific for some subclasses of 
bioReactants, which values are optionally set by the modeler to indicate the value of the kinetic 
parameter characteristic for that particular instance. A set of two attributes is provided for each of 
such subclasses, one to hold the absolute value and the other to hold a scaled value of such kinetic 
parameter, which are used by the set of absolute generic simulation formulas used in conjunction with 
the absolute-valued variables, or by the currently default set of scaled generic simulation formulas 
used in conjunction with the scaled-valued variables, respectively. Alternatively, in cases where 
the value the Kinetic-parameters are by default simple float attributes specific for some subclasses 
of bioReactants, which values are optionally set by the modeler to indicate the value of the kinetic 
parameter characteristic for that particular instance. A set of two attributes is provided for each of 
such subclasses, one to hold the absolute value and the other to hold a scaled value of such kinetic 
parameter, which are used by the set of absolute generic simulation formulas used in conjunction with 
the absolute-valued variables, or by the currently default set of scaled generic simulation formulas 
used in conjunction with the scaled-valued variables, respectively. Alternatively, in cases where 
the value the kinetic-parameter is time-variant and dependent on other variable values, the 
modeler may choose for individual bioReactants to define for that attribute an instance of 
kinetic-parameter-var (Table 13), in which case the modeler has to define the specific simulation 
formula to provide the value for that particular instance, as previously described (FIG.10). 

- Eqmlibnum-dissoriatiori-constaiit (1423) and Scaled-equiLdissock (1424) are simple float attributes 
of the subclasses of binding-bioreactant (Table 98) which value is optionally set by the modeler to 
indicate the absolute or a scaled value, respectively, of the Ks characteristic of that agonist or 
complex-subunit; 

- Catalytic-constant and Scaled-catalytick (not shown) are simple float attributes of the subclasses 
of enzyme.r (Table 95) which value is optionally set by the modeler to indicate the absolute or a 
scaled value, respectively, of the characteristic kp of that enzyme (where kp is the equivalent of 
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the units of activity per catalytic center, or kp = Vmax/[E]t (f 1 ) ); 

- Michaelis-constant and Scaled-michaelis.k (not shown) are simple float attributes of the subclass 
substrate.r (Table 96) which value is optionally set by the modeler to indicate the absolute or a 
scaled value, respectively, of the Km characteristic of that substrate (where Km is the dynamic 
constant equivalent to the substrate concentration that yields half-maximal velocity, or Km = ( k-i + 
kp ) / ki, used when the bioEngine is treated under steady-state conditions, which the preferred 

treatment in this invention ). This attribute may optionally be considered to represent the Ks ( 
where Ks represents the intrinsic dissociation-constant, or Ks = [E][S]/[ES] = k-i /ki (M) = 1 / Keq, may 
be used when the system modeled is under rapid equilibrium conditions, which is usually not required 
because of the dynamic nature of the simulation system of this invention), which may be used in a 
formula in conjunction with the catalytic-constant or scaled-catalytick, respectively, of the 
interacting enzyme.r; or 

- Inhibition-constant and Scaled-inhibition Jc (not shown) are simple float attributes of the subclasses 
of inhibitor-bioreactant (Table 99) which value is optionally set by the modeler to indicate the 
absolute or a scaled value, respectively, of the Ki characteristic of that inhibitor or antagonist 
(where the factor (1+ [I]/Ki) may be considered as an [I]-dependent statistical factor describing the 
distribution of enzyme between the E and EI forms). 

+ The class bioProduct (Table 60) has the subclass cell-bioProduct. As shown in FIG.15, a bioProduct 
(1518) is connected to an output p-connection at the bottom of a bioEngine, and represents the material 
contribution from a bioEngine to the bioPool to which it is connected. To be operational, the 
bioProduct-post connected to a bioProduct must have the same name as one of the bioPool-p^posts 
connected at the top of a bioPool. Every instance of bioProduct (1518) has its menu (1519), and 
selecting "table" (1520) displays its table of attributes (1521), which in this case shows'the default 
values for its attributes. Not previously described attributes specific of this class include: 

- "Production-Rate" (1522) is given by a produc-rate-pvar (1523), which value indicates the rate of 
production of the units that will be added to the connected bioPool, which is dependent on the 
bioProduct's Stoichiometric-coeff and the Velocity of the bioEngine, and is an argument for the 
Input-rate of the connected bioPool. 

• Class bioRole-post 

+ In this invention, any reference to a bioRole-post means a bioPost to be located upon the subworkspace 
of a bioProcess which function is to connect a bioRole-Object to a bioPool through a bioPoo!-post. The 
class bioRole-post (Table 65) is a subclass of bioPost, from which it inherits all its capabilities, and 
has two subclasses: bioReactant-post (703 or 707), which together with a biopool-r-post (704 or 708) 
distantly connects a bioReactant to a bioPool; and bioProduct-post (711), which together with a 
biopool-p-post (712) distantly connects a bioProduct to a bioPool. The new attribute defined for these 
classes is: 

- "ref-bioreservoir" is a pointer to the bioReservoir instance that contains the biopool-r-post or 
biopool-p-post to which it is distantly connected. The value is interactively set by selecting the 
"set-refs" menu option, and it is used by the program for interactive navigation through 
bioReservoirs and bioProcesses, as described below. 

k) BioModels 

• In this invention, any reference to a bioModel means an iconic knowledge structure which, depending 
of the subclass, encapsulates in its subworkspace a set of interrelated composite bioObjects, such as 

bioReservoirs, bioProcesses or other bioModels. BioModels are used to partitioned the Virtual Model 
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into a modular hierarchy of subworkspaces of bioModels, and can be also described as subsystems or 
fragments of a larger network of pathways, which can be reused as modules of desired degrees of 
complexity to be combined in a variety of ways to build larger and diverse systems. BioModels are 
objects represented by icons, and the constants, parameters, and variables that model the system are 
distributed throughout their component building blocks, which function as distributed parallel 
processors. The dynamic aspect of a bioModel is determined by a system of algebraic and differential 
equations that provide the values for the encapsulated dependent and state variables. BioModels 
represent empirical biological models derived from experimental descriptive information and 
semi-quantitative or quantitative data. Very complex bioModels can be build by connecting 
component parts of an unlimited number of other bioModels by means of connection-posts. The icon of 
some bioModels, such as sequential time-compartments, may contain stubs to allow connection to 
other bioModels. 

• The class bioModel (Table 66) is a subclass of bioView-Object and have no additional defined 
specific attributes, but inherit the attributes "names", "label", description", references*, "warnings", 
and "toggle-state". It comprises various subclasses (only some examples of which are listed in 
Tables 66 through 73) which represent any physiological system at different levels of structural 
complexity, such as organ, tissue, cell-interaction, cell, or subcellular organelle, or any other 
intermediate compartment within those compartments, such as: submodel, bioReservoir-Bin, and 
On-Hold-Bin. A submodel schematically represents a portion of any size of the network of 
pathways of a larger structure, such as a cell-bioModel. The subworkspace (1831) of a submodel 
contains a set of related bioProcesses and also a bioReservoir-Bin (1831), which in turn contains a set 
of related bioReservoirs connected to those bioProcesses. However, the bioReactants and bioProducts 
of any bioProcess that is a component of a bioModel may be connected to bioPosts of bioReservoirs 
that may be located in the same or in other bioModels. As the submodel becomes larger, it may be 
broken down into smaller submodels by simply cloning a new submodel and transferring to its 
subworkspace the desired bioProcesses and to the subworkspace of its bioReservoir-bin the 
corresponding bioReservoirs. The connectivity of the pathways is transparent to movements of 
bioObjects from one bioModel to another, since they are directly connected among them through the 
structures upon the subworkspaces of bioReservoirs and bioProcesses. 

• This architecture results in a hierarchy of bioModels encapsulated within other bioModels, which 
ultimately encapsulate bioProcesses and bioReservoirs, which in turn encapsulate bioReactants, 
bioEngines and bioProducts, or bioPools, respectively. Although this topology may appear complex, 
at run-time each of the variables depend on the variables of only those bioObjects directly connected, 
and therefore the system operates as a set of processors concurrently computing in parallel. The 
distant connections between bioProcesses and bioReservoirs, established through the bioPosts 
anywhere in the knowledge-base, interconnect the different bioModels into a dynamic 
multidimensional network of any unlimited complexity. This architecture facilitates the 
implementation of feedback and forward loops, interactions between components of different 
pathways, elements that are shared by different pathways, and connections between segments of 
pathways that are built as separate reusable modules. When one bioPool participates in 
feedback-loops in two or more pathways, this bioPool may be able to 'switch' from one pathway to 
the otheT at a given point, as a result of continuously varying functions, such as different velocities or 
diffusion rates. 

• The class On-Hold-Bin is characterized by having an activatable-subworkspace, which is usually 
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maintained deactivated. The instances of On-Hold-Bin are used to store within a submodel (not 
shown) bioReservoirs and /or bioProcesses that are either substitutions for the bioReservoirs and/or 
bioProcesses contained in such submodel, or additional bioReservoirs and /or bioProcesses to extend 
the pathway represented by such submodel, which are appropriately connected, but which the user 
wants to exclude from a simulation or other uses. By having the subworkspace deactivated, all those 
structures are ignored by the inference engine and the simulator. The user may have those structures 
included or excluded from a simulation or other uses at will, as described under the Modeler-Mode 
heading. The table of attributes (2309) of each instance of an On-Hold-Bin allows to store and access 
additional information. All instances of On-Hold-Bin have either one of two alternative menu 
options: a) if the subworkspace of the On-Hold-Bin is activated, then the "deactivate-sw" is 
available, which upon selection by the user deactivates such subworkspace; or b) if the 
subworkspace of the On-Hold-Bin is deactivated, then the "activate-sw" is available, which upon 
selection by the user activates such subworkspace. 

• Some of those subclasses of bioModels, such as the sequential time-compartments, can be 
independently activated and activated by the program during a simulation run. The efficiency of 
large-scale simulation applications can also be significantly improved using that mechanism, by 
having whole branches of the model that are not relevant at some point in time deactivated and 
activated when required, driven by events generated as a result of the simulation itself, or at given 
time intervals. 

• The class cell-bioModel (2326, Table 68) is used to represent a cell as observed from the inside, that is 
as a container of subcellular compartments, that in turn may contain different layers of submodels 
until at the end of the compartment hierarchy, the bioReservoirs and bioProcesses are contained. 
Cell-bioModels are used for modeling prototypic cells of interest in a very detailed way through 
their functional structural components, which are constructed graphically through the various levels 
of other encapsulated bioModel that a cell-bioModel may contain in its subworkspace, but which at 
the end contain variables and parameters that allow to quantitatively simulate those models, or 
more realistically, constrained submodels within the cell, which can be selected by selecting any of 
the compartments at any desired level. The hierarchical encapsulated allows not only to display 
different levels of detail to focus only those parts of the system that are relevant to the user at any 
given time, but also allow to expand the model adding additional levels of detail whenever desired. 
Each cell-bioModel or any of its contained BioModels can be used as modules to build other 
bioModels with increasing degree of complexity. This modular and reusable building block structure 
gives the system great flexibility and transparency, while allowing to build very complex 
cell-entities. 

• As shown in FIG.24, each cell-bioModel (2401) has a subworkspace (2402) upon which are 
represented the characteristic phases of the cell cycle (2421), that follow a repeated cyclic 
pathway, or the cell differentiate into a different stage (2428), or may go into apoptosis (2430), a 
terminal stage. The cell-phases (2318 through 2322) are subclasses of the class cell-phase, the main 
defined subclass of the class time-compartment (Table 69a), but other types of compartmentalization 
are also possible by means of instances of the class time-submodel (2303, 2423, 2325, 2426). Inatances 
of the class biomodel-post (2403, 2429), ant its associated methods (Table 70) allow to connect those 
cell-phases with another cells-phases upon other cell-bioModel, and to display them. 

- GO-phase^ompartment: in cell biology the GO-phase represents resting-cells. In this invention, this 
compartment also represents the background processes of resting-cells, but in addition it also contains 
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all those background bioProcesses that are not specific for any particular phase of the cell -cycle 6r 
which cross-over the boundaries of several of those phases. This compartment is frequently the 
starting point of a simulation and its bioPools are usually modeled by the default "normal" 
steady-state values of the variables and parameters of interest. 

- Gl-phase-compartment represents a state of cells after they have been activated by external factors, 
and may be further compartmentalized into two or more time-compartments. For example: the 
Gl.l-compartment represents activated-cells or early-Gl-phase-cells which have recently entered 
the Gl-phase of the cell cycle, as characterized by transcription of early-response genes, expression 
of new receptors; while the G1.2-compartment or late-Gl-phase-cells, is characterized by 
transcription of late-response genes or increased secretion of specific cytokines or other signaling 
factors 

- S-phase-compartment: represents the state of cells in S-phase, characterized by DNA synthesis; 

- G2-compartment represent cells in the G2-phase, characterized by double DNA content and before 
entering mitosis; 

- M-compartment represents cells in the M-phase, during the mitotic process; 

- Di-compartmenb represents cells entering a new differentiation stage, when a different set of 
activated early-response and/ or late response genes induce permanent changes in the types of genes 
expressed. This layer is followed, depending on the combination and strength of signals provided by 
simulation events, by either the GO-phase-compartment, or both this and the 
Gl-phase-compartment, of the next cell type in the differentiation pathway. 

- Ap-compartment: apoptotic cells, when cells in the Gl.l -layer do not receive the appropriate 
signals to enter either the G22-layer or the Dl-layer. This is a terminal layer which only effect is to 
reduce the size of the total cell population. (Note that the total cell population size is increased at 
the transition after every M-layer, by an amount equal to the size of the population in that M-layer. 
The non-specifically-modeled overall cell death is represented by a decay parameter, set to fit the 
experimental data. 

- The default time-duration of each of these temporal layers is set according to experimentally 
obtained knowledge of such duration, under specified "normal" conditions. A layer-rate-constant, t v 
is constrained to values -1 > Ti > 1 and initially set to 0. When the effects of different combinations 
and strength of signals on the duration of any of the layers are measured, then the value of ti is 
adjusted to fit the target values of the experimental set -> h= to (1+ t. ). 

• Each time-compartment (2404, 2423) encapsulates (2405, 2424) several spatial compartments that 
run in parallel to each other, and which represent the clearly defined subcellular compartments, 
called cell-Compartments (Table 67), such as the cell-membrane (2406), cytoplasm (2416), 
nucleus(2417), endoplasmic-reticulum(2418), Golgi apparatus(2419), endosomes(2420), mitochondria, 
and so on. It also contains a timer (Table 69b, 2427) with an activation time attribute given by an 
elapsed-simulOtime-par, which can be used in the control of the deactivation of the subworkspace 
that contains it by inference methods based on such value. The connections between the time 
compartments belong to the class cycle-path (Table 38) and contain a number of parameters and 
variables to hold the values of the rate-constant and the progression rate, that can be used when 
developing quantitative models for simulation purposes. A number of other variables and 
parameters that describe among others: a) the size related attributes of the cells , and b) quantities 
related to population dynamics, such as those shown in FIG3 (317 - 320), which are attributes of the 
cell-phases, are defined in Tables 3 through 11. A collection of inference blocks (Table 23) may also 
be used to control the activation and deactivation of the time compartments, at intervals that are 
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predefined or dynamically computed depending on simulated variables are also defined. Table 88 
lists as an example a set of simulation formulas for state variables that can be used to compute the 
dynamic changes in cell numbers that are accumulation in each of the cell-phase, when using these 
graphic structures in combination with a population dynamics approach. Furthermore, Table 78 lists 
a set of rules that can be alternatively used to control the progression through those cell-phases, 
when using the mechanistic approach. As the reader may realized, there are a number of different 
alternatives, encapsulated within those graphic building blocks, to model the complex systems at 
different levels, as discussed in the modeling sectioa 

• FIG.24 shows the major states considered in the currently preferred embodiment of this invention, 
following the classical nomenclature and concepts generally accepted in the scientific community, 
the resting state is defined as the Go phase. Each of the values of the "cell-phase" attribute of a 
cell-bioModel, indicates which of those phases is currently activated, if any in addition to the 
GO-phase. While at Go, if the cell is activated by a growth factor, antigen or any other activating 
stimulus, the cell enters the activated state or Gl, from which it can follow to other phases of the 
cell cycle or the differentiating states, depending on the signals received. Gl is bounded by the 
progression signal or cell birth and the initiation of DNA replication, and characterized by 
sequential expression of additional genes, protein synthesis and cell growth. S is bounded by 
initiation and completion of DNA synthesis. G2 is bounded by the completion of DNA synthesis and 
the initiation of mitosis, and characterized by further cell growth and/or protein secretion. M is 
bounded by initiation of mitosis and completion of cell division, usually represent about 2% of the 
total. Although the cell cycle is a continuous one, it can be compartmentalized into functional cycle 
intervals whenever it is deemed useful to better represent the dynamic simulation of the system. As 
shown in FIGs. 4, 28, and 29, there are switching points (406, 2803, and 2911) at early Gl where the 
cell has to decide between the differentiation and the cyclic pathways resulting in a variety of 
different patterns that depend on both the internal stage of the cells and other components in the 
system, external to the cells. A typical pattern results in: a) cells in the resting stage, when the 
steady-state conditions are assumed, then after activation by specific external signals, switching 
through the cycling phases one or more cycles, or back to resting, then after activation by specific 
external signals during one of those stages, switching to one of the next nodes in the tree, committing 
themselves to that branch of the tree in the longitudinal pathway, then once at. the new node they 
may go back to a) for a period of time, in a resting stage during which the new steady-state 
conditions are assumed, or, if activated by specific external signals they may go back to b) with the 
new steady-state conditions as the base-line. 

• Each of the cell-Compartments comprises a subworkspace (2407) which in turn may contain various 
submodels (2408). Other local-submodels (2304) are also provided for other types of spatial 
compartmentalization. The subworkspace (2409) of a submodel may contain other submodels (not 
shown), and submodels may also contain bioProcesses (2410) or bioReservoirs (not shown). In the 
current embodiment, the bioReservoirs (2414) are preferentially hidden in a bioReservoirs-bin (2306, 
2412, Table 66 ) that belongs to that submodel. 

• As shown in FIG.25, instances of the class cell-interaction (Table 71, 2327, 2501) encapsulate in their 
subworkspace (2502) the interaction of two cells (2503 and 2504), that use the graphic 
extracellular-components (Table 72a) to interact with each other direcdy by means of 
surface-components (2505 and 2506); through the components that one secretes,-secreted-components 
(2507), for which the other has specific receptors, surface-components (2508); and both interact with 
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their environment through specific receptors (2509) for systemic-components (2510). As shown in 
FIG.26 , each of those components have a table of attributes (2616, 2620, and 2633), referring to an 
specific bioEntities (2624), bioReservoir (2626) and bioProcess (2628) within the cell-bioModel, and 
are connected to the internal the mechanistic pathways. Clicking on those icons displays their 
menus (2618) from which options, the user can select the display of the associated structures, as 
specified in the attributes. The different menu-options, and their associated procedures are listed in 
Tables 72c, d, and e). Tables 72b and f list functions that allows the modeler to automate the task of 
establishing the distant connections to those graphic structures. The interacting-cells (2503 and 2504, 
Table 71) in this interface do not contain a mechanistic model of its components, but rather refers to 
and displays another cell-bioModel that store those mechanistic models. In this way, this structure 
is used as an interface to design interactions between other cell-bioModel, and new cells and other 
connections to bioProcesses or bioReservoirs can be establish. The external components, such as serum 
or incubation media, or single or lumped toxic-byproducts, for which there are specified or lumped 
receptors are represented by a set of bioReservoirs, such as RPMI-Pool, serum-Pool, are connected to a 
bioProcess with a receptor-engine that has at least one bioProduct connected with one of the 
bioReservoirs within the cell. The function of the bioEngine is to compute the consumption an 
exhaustion of nutrients at a rate proportional to u, the specific growth rate. The byproduct-Pool's 
concentration is used in turn to modify the value of ft by multiplying it by a parameter 0<m<l. 

• Cells are represented in this invention in two different ways: as the class cell-bioModel composed of 
cell-Compartments, as described above, and as the class cell used to represent a cell as observed from 
the outside and including any defined, mostly external, characteristic markers, as shown in FIG. 26, 
that can be used to assigning that cell to one type of cells and to distinguish it from cells of other ■■ 
types. The instances of class cell, with sets of stubs on the top and bottom of their icons, are used to 
classify cells according to a branching differentiation tree, as shown in FIG. 21, to define the many 
nuances between them that differentiate them from each other, particularly when following the 
almost continuous differentiation process. As an example, a Th2-lymphocyte is shown in FIG.26. An 
instance of cell may correspond to an instance of cell-bioModel, but it is expected that there are many 
more intermediary stages represented by the lighter cells, which represent the much lower level of 
detail most frequently available. BioReservoirs representing cell populations may refer in their 
Ref-bioentity attribute to a named instance of cell. One of the menu options for this class is 
"biomodel" which upon selection displays the subworkspace of the bioModel referred to by one of its 
attributes, Ref-biomodel, if any, and that option is only visible when such attribute has a value. 
The class differentiation-pathway (2335, 2701, Table 73) provide structures that allow the modeler 
to manually build differentiation trees, such as the one shown in FIG.25, which are based on 
expert-knowledge to represent the sequential progress from one stage of differentiation to the next. 
The different stages through which a cell lineage goes through is a continuous process, which can be 
simplified with the representation used in this system consisting of discrete stages that represent 
different stages of differentiation, defined by characteristic and measurable phenotype, that follow 
a tree like longitudinal pathways. The cells in those pathways are of the class cell (2602, 2705), and 
they contain further encapsulated detail, as shown in FIG.26- A cell contains information in a table 
of attributes (2605, and also encapsulated in its subworkspace, where the different icons are a 
cell-surface (2608), since this is a representation of the cells from the outside, and a set of components 
that allow that cell to refer a display characteristic markers and receptors that allow them to 
interact to the outside world, such as the subclasses of extracellular-components ( Table 72a), the 
surface-components (2613), secreted -components (2617), and systemic-components (2612) in their 
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environment to which they respond. 
1) Inference and Simulation Structures 

• Functions are statements which define a sequence of operations that are performed when the 
function's name and arguments appear as part of an active expression. The 
tabular-function-of-one-argument, a class defined within the Shell, has an important use in the 
domain of this invention. It allows to deal with situations when the algebraic relationship between 
two variables is not known, but the experimental data is available, and straight-line interpolation 
is optional. Tabular functions can also be used in other expressions, such as the rule: if the 
fProductl]([Substratell) decreases then inform the operator that "[Substrate-1] may be inhibitory at 
high concentrations''. 

• Relations are defined associations between two items which can be dynamically concluded and 
reasoned about, and in the current implementation of this invention, they represent physical and 
abstract relationships between objects, such as a-downstream-bioReservoir-of, 
the-downstream-BR-list-of. After being defined by the developer, relations are established 
transiently at run-time by the inference engine. The dynamic reasoning used for query, navigation, 
and simulation depend heavily in the use of relations, in addition to the graphical connections. 
Physical and abstract relationships between two objects may be represented through relations 
which, after being defined by the developer, may be dynamically and transiently created at 
run-time by the inference engine. The existence of relations can be concluded and reasoned about, and 
the existing relations for a particular object can be also be listed using the "describe" option. Most of 
the relations are created during the initialization set of procedures, while others are created at 
run-time by the sets of procedures used during query, navigation, and simulation. The creation or 
breaking of relations are treated as events that are forward chained to rules that refer to the • 
relations in their antecedent. Relation definitions are shown in Table 75 . 

• Domain-specific rules are used to conclude or to respond to the changing conditions in the world 
defined by the domain-specific knowledge structures. In the current embodiment, a rule has, in 
addition to its body that encodes the rule itself, a set of attributes that can be configured to establish 
its mode of operation and to define its restrictions, such as: whether it can be invoked by forward 
chaining and backward chaining, whether it may cause data seeking or forward chaining, focal 
classes and focal objects, priority, and its scan interval. Different types of rules may lack some of 
those capabilities. For example: a) whenever rules have no focal objects or classes, and cannot be 
invoked by forward or backward chaining, being only event driven. One such event may be the a 
relation being established or broken. Other such event may be moving the icon by the user, which is 
frequently used in this application to either trigger the automatic configuration of the value of some 
attribute, or the appearance of the icons, or the position of the icons; and c) initially rules are first 
and only invoked when a knowledge-base is started, or when a subworkspace is activated. 
Therefore, the situations to which those rules applied, and the conditions under which they can be 
invoked, can be very much constrained by the generic and specific sets of options and attributes of 
each particular instance. 

• Formulas in this system can be defined as expressions that define the relationships of a variable or 
parameter to other variables or parameters, in a way that when one variable or parameter changes 
the formula predetermines in which way other variables or parameters willjbe changed, either by 
the inference engine, in the case of general formulas, or by the simulator, in the case of simulation 
formulas. Generic simulation and general formulas are created as statements on workspaces and 
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provide values for a whole class or group of bioVariables or bioParameters, in contrast with the 
specific simulation and general formulas, which are attached to the definition of one variable and 
apply only to that variable. The definitions of generic simulation formula for sets of scaled-valued 
variablesfTables 83 and 84), mixed-type variables and absolute-valued variablesfTable 86) will be 
discussed under the Simulation Mode heading. 

2. Modeler Mode Creating the Virtual Models 

a ) Menus, Palettes and Libraries 

• The Modeler Mode is made available only to those users who have rights to build or modify the 
applications, in which case it is the default mode when the application is started. The modeler's 
tasks are all based on the basic paradigm of "Clone, Connect, Configure and Initialize", and consist of 
building and configuring graphical models of the structure of bioEntities, as well as to design and 
build graphical models of complex networks of cross-talking pathways, which result from the 
modeler's actions of cloning, connecting and configuring sets of bioProcesses, bioReservoirs, and 
bioEntities. To facilitate the modeler's tasks, the Modeler-Menu provides a way to organize and 
access the different components of the system. 

• FIG.16 shows the domain-menus associated with this mode in this invention, which are shown here 
again in an overly expanded (pulled-down) way, for demonstration purposes. Selecting the "Help & 
Mode Menus" option (1601) allows access to the available user modes, which upon selection causes a 
change to that mode of operation and displays the specific domain-menus associated with that user 
mode, only for the window from which it is selected. Selecting Modeler Mode (1602) displays the 
contracted top layer of menu heads shown in the lower menu display, which additionally comprise 
the options "Palettes", "Structure Libraries", and "Pathway Libraries", which allow to access parts 
of the Virtual Models by selecting the desired options from the menu, which usually requires 
navigating through a hierarchy of walking menus. The following discussion of this menu system also 
serves the purpose of discussing how the building-blocks are organized in Palettes and how the iconic 
models build by the modeler are organized and stored in Libraries. The difference between Palettes 
and Libraries is that Palettes contain domain-specific and generic building-blocks built by the 
developer and to be used by the modeler, while Libraries contain application-specific models built 
by the modeler and to be used by different types of users. Palettes are provided to allow the modeler 
to quickly create new instances from prebuilt generic bioEntities, bioReservoirs or bioProcesses, or any 
of their components, which comes with their corresponding default or no values, to be then configured 
by editing their tables of attributes. A facility is provided, called the Modeler-Palettes-Bin, with 

a button to automatically create new empty Palettes to be populated by modelers, to allow them to 
expand and complement the built-in library of building-blocks to satisfy their more specific needs. 

• The Palettes provide a large number of characteristic types of bioObjects, grouped by subclasses and 
organized in special subworkspaces of named go-to-sw buttons organized in the subworkspaces of 
another go-to-sw named "Palettes-Bin". Palettes are accessible through the domain-menus, and 
because of their defined user-restrictions, selection of any bioObject upon a Palette in Modeler Mode 
implies clone, which automatically results in a clone of such bioObject (including its subworkspace 
and all structures upon it, and all the further levels of encapsulation contained in their 
subworkspaces) to be attached to the mouse-pointer and ready for the modeler to transfer it to the 
desired subworkspace. Selecting "Palettes" (1603) pulls down its options, which may point directly 
to the palettes of important classes of bioObjects and also model-blocks, such as: 1604 points points to 
2001, 1606 points to 2101, 1608 points to 1901, and 1616 points to 2301. In the case of classes with large 
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number of building-blocks, those may be grouped further in a number of palettes that can be accessed 
through walking menus, such as when selecting "Molecules* (1610) displays an additional pull-down 
menu headed by "Molecules" (1612), which options may now point directly to Palettes. Examples are 
shown in FIG.17, such as when selecting "Protein Components" (1614), the options of the walking 
menu generated lead, among others, to "Protein Domains" (1701), "Protein Motifs" (1706), and 
"Simple bioEntities" (1711). 

• Libraries comprise among others two types: 

- Structure Libraries, are hierarchically organized workspaces (1623) containing models of specific 
complex-bioEnbties (1624) that model the functional structure of molecules or molecular-complexes 
at various levels of complexity, and which can be accessed by selecting the options of the menu head 
"Structure Libraries" (1618). For example, selecting "Cytokine Library" (1620) displays the menu 
headed by "Cytokine Library" (1621), which options refer to libraries of different families of 
cytokines, and further selecting one such as "IL4.1ike Library" (1622) displays the library (1623) of 
the IL4 family, which contain several cytokines with similar structures, which prototype is IL4 
(1624), which subworkspace contains several domains, motifs and groups. Those icons may be used to: 
a) be cloned and modify to build different but related structures; b) be placed in the subworkspace of 
protein-complexes, as shown in FIG.18; or c) they may be preferentially named and copied, as 
described below, and the dummy copies that refer to the original are used for several of the more 
complex structures. 

- Pathway Libraries, are hierarchically organized workspaces (1630) containing sets of related 
bioProcesses, such as those contained in the subworkspace of a submodel, and a bioReservoir-Bin with 
the bioReservoirs connected to those bioProcesses, where those bioProcesses and bioReservoirs are 
connected forming the nodes of a pathway that may be or not multidimensionally branched. The 
pathways included in the libraries are those that are common to several system, although they may 
require some modifications, and they can be cloned instead of being built from scratch. 
Alternatively, the "Pathway Libraries" (1628) menu may be used to hierarchically access any 
submodel of the Virtual Model, as an alternative to interactively navigate through all the layers of 
subworkspaces involved. The options of the menu head "Pathway Libraries" (1628) point directly to 
submodels which subworkspaces are displayed. For example, selecting the option "EGF.R.Pathway" 
(1629) displays the components of the initial specific steps of such pathway (1629) containing 
bioProcesses (1631) and a bioReservoir-Bin (1632). To conveniently handle large and complex 
pathways, the components can be partitioned into more submodels, by simply transferring related 
sets of bioProcesses and their corresponding bioReservoirs to the subworkspace of a another submodel, 
without affecting the connectivity of the pathways in any way. When the application grows larger 
and the number of submodel increase , those direct domain-menus options are replaced by other 
options that lead instead to walking menus offering as many hierarchical levels as necessary. 
Modelers can also done submodels, in which all the bioProcesses organized in its workspace, together 
with the contained bioReservoir-Bin and all the bioReservoir organized in its workspace, are also 
cloned preserving the labels and any other attributes, but with no names, since names are unique, 
This means that all new bioReservoirs and bioProcesses have to be named (with the same basic name 
and different tags), and the connections have to be reestablished by naming the bioPosts and setting 
the ref- attributes, as discussed elsewhere for new sets. 

b) Creating New Composite Objects 

• There are several alternatives for building new generic types of composite bioObject. One method 
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comprises the following steps: a) an instance of the desired class, such as bioProcess, is created by 
selecting from the menu of the object-definition of that class the "create-instance" option and 
transferred to a workspace; b) the subworkspace of such instance is created by selecting from its menu 
the "create-subworkspace" option; c) the desired set of instances of characteristic classes of 
visualObjects are created or cloned and transferred to such subworkspace; and d) the newly created 
instances are positioned and connected in specific ways, to conform to the designs specified in this 
invention. A preferred alternative way is to "done" an existing composite bioObject that is similar 
to the desired one, and delete and/or add components, as desired. The additional generic 
building-blocks are added to palettes accessible through the domain-menus, and are used to create 
new instances of the same type by cloning such generic structures. Cloning an object in this invention 
means cloning also its subworkspace, and all objects upon its subworkspace, and any objects upon the 
subworkspace of each of those objects, and so on. The modeler can then further individualized each 
newly cloned instance by configuring the attribute tables of the superior object, or by configuring the 
attribute tables of the objects encapsulated within that superior object, either as attribute objects or 
as objects upon successive subworkspaces. 

• Furthermore, it is possible to create transient objects at run time in two ways: a) by using the "create 
a <class-name>" and "transfer" actions; or b) by using the "create a <class-name> by cloning 
<instance-name>" and "transfer" actions, which is the equivalent to the clone option described 
above, and is the preferred way for composite objects. Transient objects can be made permanent by ■ 
using in addition the "make <instance> permanent" action after the instance has been transferred to 
a workspace. This invention makes extensive use of dynamically creating objects at runtime by . j 
cloning, such as when creating dynamic pathways, dynamic query-panels, dynamic 
query-output-panels, dynamic entry-panels, dynamic graphs, dynamic lists, and so on. A set of 
partially prebuilt complex sets of structures, such as those required for the different types of panels, 
are organized and stored in the subworkspaces of objects called bins, and used as master structures to 
be cloned and completed with additional context-dependent structures at runtime, as will be 
described under the General Mode and Simulation Mode headings below. 

c) Modeling bioEntities 

• The modular functional representations of structure that are novel teaching of this invention allow to 
represent the modular structural patterns so frequently used by nature. More specifically, the iconic 
structural representation is used to abstract the detailed structure of different molecules to highlight 
their similarities, and to show that even prototypes for different families present several 
similarities. Abstraction is obtained in part by selectively hiding some detail in the subworkspaces 
of other components. That representation focuses on components and the way they are arranged that 
relate to their function, to offer users visual models that facilitate their reasoning about 
structure-function relationships. The components of a molecule are used by the user to reason about its 
function, since the presence of given domains, motifs, or simple-bioEntities usually is associated with 
described function, therefore directing the scientist's attention to further focus on those functions. 
Furthermore, each of those iconic instances of bioEntities have their associated tables of attributes, 
where the modeler can include additional information, data, and references to access other sources of 
information about those models, which can provide to the user a wealth of knowledge in the form of 
an intuitive and interactive visual database. The knowledge extracted from those models can be 
integrated in this invention with other forms of knowledge, related to the function of those 
bioEntities, provided by the pathways related models. For example, the members of each family 
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may be involved in similar mechanisms but result in very different and even opposing effects, due to 
the participation of their bioFools in different pathways. That knowledge integration is performed 
sometimes interactively by the user, and sometimes programmancalry as a result of an interactive 
request by the user, depending on which of the many capabilities of this invention is used. Each 
superior bioEntity represents the structure of a biochemical physical entity in a particular state, 
such as different chemical modifications, different states of association with other entities, or the 
products of different mutations or artificial manipulation or quimeric constructions, which 
corresponds to the concept that different bioReservoirs hold molecules or complexes in different . 
states. The structural and other types of information about the units that form a bioPool, as provided 
in the corresponding bioEntities, is supplemental and is not necessary for creation or navigation 
thought the pathways, or for simulation. This information is used independently of the pathways, 
or they may be used in combination, as in the complex queries. 

• FIC.17 shows the Palettes with representative examples of master instances of some of the different 
subclasses of protein-domain (1701), protein-motif (1706), and simple-bioEntity (1711), accessed 
through the walking menu of "Protein Components" (1616). Some of those building-blocks are very 
generic or "empty" structures, such as the examples shown of the sub workspaces (1703 and 1708) of 
catalytic-subunit (1702) and spacer (1707), respectively, while others may contain more or less 
detailed prototypic structures, in which case they are named master-structures, which may be 
referred to by the master-bioentity attribute of its copies, such as the example shown of the structure 
(1705) of a ftbronectin.type.ni-domain (1704). In addition, like any other bioEntity, each instance of 
these components have an associated menu (1805) from which options specific for each class can be 
selected to perform generic or specific tasks. Selecting the "table" option (1823) shows their tables of 
attributes, such as the examples shown for the tables (1710 and 1713) of a leucin-zipper-motif (1709) 
and a loss.of.function.protein.mutation (1712), respectively, providing options for the modeler to 
include additional information, which in this case is specific for each instance or copies. Gones of 
those instances can be combined in different ways to model, using the basic paradigm of "Clone, 
Connect, Configure and Initialize", at the desired level of detail, the structure of a bioEntity. '■ 

• In addition, to the standard Shell's "clone" capability which applies to every object, there is a 
novel domain-dependent capability associated with the class complex-bioEntity and all its 
subclasses. Selecting the "create-local" option (1824), which is restricted to Modeler Mode and when 
the bioEntity has a name and starts the et-create-local-proc (Table 89), allows the modeler to create 
local copies from any instance. The term clone means in this invention a complete reproduction of the 
original, with exception of the name, while the term copy means an incomplete reproduction that is 
usually stripped from the contents of the subworkspace of the original, but contains a pointer to the 
original and is used in conjunction with it. The master-bioentity attribute of the copies is 
automatically set to refer to the named master-structure. The dummy copies refer to the original 
when the "master-details" is requested, which subworkspace with the prototypic structure is 
displayed. That is, local copies of any complex bioEntity (including bioEntity-components), may 
have private specific information in its table of attributes and in its subworkspace, shown by 
selecting the "local-details" option, while it is can also display the subworkspace of its master 
bioEntity. Simple-bioEntities do not have a subworkspace and do not have master-bioentity 
attribute, and the concept of copy does not apply to them. This implementation is preferred because 
of the advantages of avoiding redundancy, including saving storage resources, and allowing 
modification at only one site when the details of the structure have to be modified. 
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• As shown in FIG.18, the subworkspace (1807) shown for a specific multi-unit receptor-complex (1804) 
contains the icons of its various components, which may be copies, such as those referring to structures 
in the Libraries (1808, 1815, and 1817), or may be originals, such as for the simple components or some 
specific complex components (613, 619 and 621 are originals within the original master structures) 
Upon clicking on each of those components, their subworkspaces or the subworkspaces of their master 
structures are displayed on the screen, showing their structural composition. The level of detail is 
optional, and components at different levels in the hierarchy of subclasses can be connected to each 
other. For example, clicking upon a subunit of the receptor (1808, a copy) shows its structure (1809, 
from the master) composed of domains, other simple-bioEntities, and other optional auxiliary 
structures, such as those that may contain: notes about its function (1810), sequence (1811), references 

(1812) , or a GIF image of its three-dimensional structure (not shown). Any of those components may 
contain more detailed information, such as that displayed when clicking in one of those domains 

(1813) , which structure (1814) is composed of other domains, spacers and other simple-bioEntities. 
Back to the main structure, clicking on a kinase (1815, copy) that form part of the complex, its 
structure (1816, from the master) may be represented by its two subunits, a regulatory-subunit and a 
catalytic-subunit, each containing or pointing to additional detail (not shown). Or the structure can 
be directly represented directly by it lower level components, such as when clicking on other 
associated kinase (1817), which structure (1818) is composed directly by several domains and other - 
simple-bioEntities. Any of those molecular components may contain in their subworkspace any type 
of other relevant information, when more detailed structure is not available or not desired. For 
example, clicking on one of the domains (1819) shows (1820) differences in the sequence of a 
functionally important homology region of that domain for different members of that family of 
molecules (which allows to represent all members of the family by just one structure, by describing 
additionally the differences between the different members), while clicking on another domain 
(1821) shows more information (1822) about conserved subdomains within that family. In general, 
simple-bioEntities may be linked to a motif, a domain or even to a subunit or a molecule. The 
structure may focus on only those parts of the structure that have functional relevance. If 
intermediary stretches within the structure are unknown or that detail is not desired, they may be 
represented by domains called spacers. 

d) Modeling Pathways 

• The bioReservoirs Palette contains prebuilt default instances of: 

- bioReservoir-Bin, used to store a set of related bioReservoirs upon its subworkspace and prebuilt with 
the standard set of navigation buttons used on most subworkspaces, a go-to-sup-obj -button and a 
hide-sup-ws-button, and a bioObject-title, which is standard for the subworkspaces of all bioModels 
as well as of all com plex-bioEnti ties. 

- On-Hold-Bin, used to store upon its subworkspace bioReservoirs and/or bioProcesses connected into 
pathways mat the modeler may want to offer as alternatives, and which the user may include or 
exclude from a simulation or other uses at will, by using any of three alternatives: a) desired 
individual structures can be moved out of the On-Hold-Bin and transferred to the subworkspace of 
such submodel or its bioReservoir-Bin if bioReservoirs; b) if all structures are desired for inclusion, 
the subworkspace of the On-Hold-Bin can be activated and deactivated at will; or c) two 
On-Hold-Bins can be used to transfer those structures between them at will, one to be permanently 
deactivated and the other be activated and to hold only those structures desired for inclusion. If any 
of those structures are substitutions for other bioReservoirs and/or bioProcesses contained in such 
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submodel, then those structures they are replacing should be removed to a deactivated On-Hold-Bin. 
This subworkspace is prebuilt with an additional hide-and-deact-sup-ws-button, which upon 
clicking on it when the subworkspace is activated, hides and deactivates such subworkspace 

- a set of different prototypes of bioReservoirs, representing all the subclasses, which differ in the 
instance of the bioPool they contain upon their subworkspace, which is in turn of one of the 
corresponding subclasses of bioPool, and in the color of the type-color region of their icon. Each of 
those prototypic bioReservoirs comes with a minimal set of basic structures, and model-boxes and 
additional bioPosts are added interactively when needed. By cloning a bioReservoir of the 
appropriate class from its Palette, transferring it to the subworkspace of a bioReservoir-Bin and 
clicking on its icon to select various tasks, it can then be connected to any of the bioRole-Objects of the 
bioProcess by simply giving the same name to a matching pair of bioPosts, one from each structure, 
always keeping in mind the required restrictions. 

• Another alternative for adding bioReservoirs to the Virtual Model is to done existing bioReservoirs 
with similar characteristics, by selecting the "clean-done" option from their menu, and configure the 
new name and desired attributes. The "clean-clone" option starts the BR-dean-done-proc, which 
creates a clone of such bioReservoir and sets the values of all the attributes of all structures involved, 
induding the bioReservoir and its subworkspace and all structures upon it, to their default values. 
This capability is useful to create dean bioReservoirs of desired types that are available on the 
working submodel, without the need to open the Palette . The modeler can add, modify or remove 
connections to bioProcesses, by creating and naming the corresponding bioPosts. That established 
distant connectivity is independent of the location of bioProcesses and bioReservoirs throughout the 
Virtual Model or the workspace hierarchy, and no additional changes are required whenmoving 
those structures from one location to another. Various menus options and assodated methods are 
offered to automate the task of establishing those connections, which will be described after the 
discussion of the creation of bioProcesses 

• The modeler can also model inputs or outputs to a bioPool as mathematical models using 
model-blocks held in model-boxes, as previously discussed (FIGs. 8 and 12). A set of menu options, 
restricted to appear only when in Modeler Mode, are defined for the class bioPool to automate the 
task of adding a scaled-input-model-box, input-model, or output-model-box, respectively, when 
desired. The options labeled "add-scaled-input", "add-input", and "add-ourput", start their 
assodated methods, create-scaled-input-model-box-proc (Table 90), create-input-model-box-proc, 
and create-output-rnodel-box-proc, respectively, which result in the doning of the corresponding 
prebuilt master model-boxes, and then transferring the new instance to its specified position in 
relation to the bioPool. The modeler has only to extend its stub to join it with the color-matched stub 
of the bioPool, which is the dosest to it. Each of those named master structures is simply a generic 
model-box, each of the subdass referred to by its name, with a color-coded subworkspace containing, 
in addition to instructions for the modder on how to proceed, a connection-post which 

attribute" superior-connection" has been set to refer to the only connection stub of the superior 
model-box. With this construction, any model-block connected to such connection-post upon the . 
subworkspace of a model-box is connected also with any object to which the model-box is connected 
through such superior connection. This implementation results in the generic ability for the modeler 
to establish a connection between an encapsulated model-block and a bioPool, by doning the desired 
model-block from the Palette of generic model-blocks and connecting to the unique connection-post 
upon the subworkspace of a model-box connected to that bioPool. As described above, the generic 
formulas that provide the value for the Accumulation of each bioPool already integrates the output 
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of any such connected model-block as either an absolute input, a scaled input or an output, depending 
on the class (each connected at its predefined specific port) of the model-box that contains the 
model-block. 

• As shown in FIG19, the Model-blocks Palette (1901) is provided to the modeler, each being a default 
instance of each of the subclasses of model-block. Model-blocks (Table 22) and the different generic 
simulation formulas (Table 87) to compute their value of their output-1 attribute have been 
previously defined. Some examples of the attributes for some subclasses with their default values 
are shown through the tables of attributes of: constantf (1902), exp.cpdf (1903), expjn.pdf (1904), 
unif.c.pdf (1905), sigmoid .f (1906), and genericmodel-blocki (1907). The latter is a very generic 
block that allows the modeler to create instances and configure as many attributes as required by 
defining their slots with any desired type of value, including instances of model-block-var, in which 
case their specific formula would also have to be defined. The output-1 of this block is also a 
variable for which the modeler has to write its formula, to incorporate as arguments the newly 
configured attributes 

• As shown in FIG.20, the bioProcesses Palette provides the most representative types of generic 
bioProcesses, prebuilt and ready to be cloned and further configured. These preassembled and stored 
structures allow the repeated use of bioProcesses as building blocks of more complex pathways. Like 
in chemical systems, some bioProcesses are relatively simple and some may become more complex, but 
all are built with the basic building blocks (2504 through 2511). The modeler can, for example, done 
a R2.L1, which subworkspace (2008) comprises one receptor-bioengine connected with two receptqr.r 
(which may each be connected to different bioPools, if the active receptor is an homodimer of two 
equal molecules, or to the same bioPool, if an homodimer of two equal molecules), and one ligand.r at 
the top, and one bioProduct at the bottom. After transferring the clone to the desired workspace, the 
bioProcess can now be configured, by clicking on its icon and selecting its table of attributes. Selecting 
"details" from its menu displays its subworkspace and provides access to all its components, which 
can now be configured by accessing the tables attributes of the bioEngine, each bioReactant and each 
bioProduct, and each bioReactant-post and bioproduct-post. BioProcesses have 
acrivatable-subworkspaces, which means that any object upon such subworkspaces are not recognized 
by the inference engine or the simulator unless the subworkspace is activated. When new 
bioProcesses are cloned, their subworkspace are deactivated by default, and have to be activated 
selecting the "activate-sw" menu option available only when the subworkspace is deactivated. 

• An alternative to the Palette is to clone another existing bioProcess with similar characteristics and 
labels directly from a submodel, and then transferring them to the desired submodel and the 
configuring its components. Two menu options are provided to facilitate that task labeled 
"labeled-done" and "dean-done", which start either BP-labeled-clone-proc or 
BP-dean-done-proc, respectively. The first procedure creates a done of the bioProcess, and then sets 
the values of all the attributes except the label of all structures involved, induding those of the 
bioProcess and of all the structures upon its subworkspace, to their default values. The second 
procedure calls the first one, and also sets the values of the labds attribute of all structures involved 
to their default values. 

• The feioEngines Palette and the bioReactants Palette shown in FIG.21 are provided for the purpose of 
allowing the modeler to: a) modify individual instances of bioProcesses cloned from the Palette, to 
accommodate particular infrequent needs; and b) to design new prototypic bioProcesses, by starting 
from a done of an existing bioProcess and adding or removing bioReactants or bioProducts, or by 
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exchanging the bioEngine for another of compatible type. The modeler may want to modify the 
Velocity attribute of any bioEngine, and to provide specific formulas to represent their favorite 
equations to best describe the process being modeled, which have to refer to the specific set of 
bioReactants connected to that bioEngine. Such newly designed bioProcesses may be stored as 
building-blocks in the appropriate Palette within the Modeler Palette Bin, as described. 

• In addition, the modeler may use a tabular-function (Table 74) as a look-up-table, from which the 
program is able to interpolate, to model a process by entering experimental pairs of values of the 
independent and the dependent variables in such table, such as a dose response. To facilitate that 
task, the menu option "create-sw" is defined for the class bioEngine that starts the 
create-sw-for-bioengine-proc, which creates a subworkspace for the bioEngine by cloning the 
subworkspace of the bioengine-sw-master, which contains a tabular-funcbon-of-l-argument and 
instructions for the modeler about how to use such a tabular-function. 

• As shown in FIG.22, several steps are required to establish the connection between a bioReactant or a 
bioProduct and a bioPool. To facilitate this process, and more importantly, to reduce the sources of 
error while entering those values by the modeler, various methods are offered to automate the tasks 
of* creating and naming, or removing the names, of bioPool-posts, removing the names and the 
references of of bioRole-posts, and to set the appropriate values for the ref-bioprocess of 
bioPool-posts and ref-bioreservoir of bioRole-posts, as following: 

+ The first step is to select the bioProcess (2201) and bioReservoirs (2205, 2207, and 2209) to be 
connected, if already in existence, otherwise they are created by cloning from the Palettes and 
named. BioProcesses and bioReservoirs have to be named before their bioPosts can be named. By 
selecting the "details" option (2203) from the menu (2202) of the bioProcess, and such of file 
bioReservoirs (not shown), their subworkspaces (2204. 2206, 2208, and 2210, respectively): of each of 
them are displayed. 

- the menu option "add-top-post" (Table 92) defined for the class bioPool starts the 
create-biopool-p-post-proc (Table 92), which first scans for the first free stub of those defined at an 
even-numbered port (p02 to pl2) and a) if one is found, it creates an instance of biopool-p-post, and 
aligns it opposite to such stub within the first layer of such biopool-p-post, b) if none is found, it then 
scans for the first free stub of those defined at an uneven-numbered port (pOl to pll) and, if one is 
found, it creates an instance of biopool-p-post and aligns it opposite to such stub within a second 
layer (more distant from the bioPool) of such bioPool-posts, and if none is found, then: i) it moves the 
existing biopool-p-post connected at the first port (pOl) to a more distant position, to start the next 
layer, ii) it creates an instance of biopool-p-post and transfers it to the next free predefined position 
within that layer; and c) it sends a message to the modeler with instructions for making the specific 
connection. Then it calls the pool-post-name-it-proc (Table 93) and returns. The "add-bottom-post" 
functions in a similar way, but it adds instead biopool-r-posts at the bottom of the bioPool. 

- The next step is to connect each of the bioRole-posts (2212, 2218, and 2225) to a complementary and 
not yet connected bioPool-post of the appropriate bioReservoir. Here the first pair (2211 and 2212) 
has been already connected, which is not apparent to the user. In most cases, this process will first 
require to create a new bioPool-post of the appropriate subclass, by selecting from the menu (2214) of 
the bioPool (2213) either the "add-top-post" option (2215) or like here, the "add-bottom-post" 
option (2216), which results in the automatic creation of an appropriately named bioPool-post, and 
its transfer to the appropriate position (2217), which is close to the next available free stub with the 
same cross-section pattern on the bioPool. The modeler has now to establish the connection to the 
bioPool by extending its stub and joining it to the closest free stub on the bioPool, and then establish 
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the distant connection to the bioReactant-post (2218). Here is shown how such distant connection is 
established between and already named and connected bioPool-p-post (2219) and the bioProduct-post 
(2225). Clicking on the bioPool-p-post (2219) in Modeler Mode displays its menu (2220), and selecting 
the "table" option (2221) shows its table of attributes (2222). Note that the tables shown here for a 
bioRole-post (2222) and a bioPool-post (2228) are shown with all the values already set as they 
would appear for fully functional bipPosts. However, at this point in the connection process, the 
values shown for the "ref-bioprocess" (2235) would be the default value none, while the values of 
the "names" (2223) and the "label" attributes (2224), will be already set. The value of the "label" 
attribute, is set to be the same as its name in the case of all bioPosts , and is used at run-time when 
using the alternative simulations procedures, as discussed under the Simulation Mode heading. 

- The next step is to give the bioRole-post (2225) the same name as the name of the bioPool-post (2219) 
to which is to be connected. Here, this is accomplished by selecting either the "name" menu option 
(2227) or the "names" attribute value slot (2232) of the bioRole-post (2225) and clicking on the 
name-display (2228) of the bioPool-post (2219). Note also that any time the name of any object is 
edited, its name-display (2228) appears in the proximity of that object, and that name-display has 
text-insertion capabilities, in a way that whenever the text-editor is opened (which happens among 
other occasions when clicking on the "name" option of any object or on the value slots of the tables of 
attributes), clicking on such display automatically inserts its text into the slot or at the position of 
the cursor. In the current implementation of this invention, most name-displays are hidden by the 
developer or modeler after they are used, since the labels are used instead to provide a more flexible 
and user friendly method of recognition for those objects when one is desired. In the case under 
discussion, all the names of bioRole-posts are hidden, while only the name-display of the last 
bioPool-post is left as a means of also providing a reference to the name of the superior bioReservoir. 

- The previous step completes the basic connection process that allows the inference engine and the 
simulator to reason about those connections. The additional step that follows adds information to 
those connected bioPosts that is used by the program to quickly access the components on the 
subworkspaces of those connected bioReservoirs or bioProcess, even when the subworkspaces of those 
connected bioReservoirs or bioProcess are deactivated, which may be the case when in Simulation 
Mode, and which would cause the system to not recognize those connections, since the system would 
not recognize the connected bioPosts upon such subworkspaces. A method is provided to facilitate 
and reduce the sources of error in setting such additional information. Once the bioRole-post (2225) 
and the bioPool-post (2219) are equally named, the "ref-bioreservoir" attribute (2234) of the 
bioRole-post and the "ref-bioprocess" attribute (2235) of the bioPool-post are automatically set to 
refer to each other's superior bioObjects, as their names indicate, by just selecting the "set rets" menu 
option (2229) of the bioRole-post, which is only available when it has a name. The 
"ref-bioreservoir" and "ref-bioprocess" attributes are in rum used by the program when the user 
selects the "show-br" option (2241) or the "show-bp" option (2242), which are available in the 
menus (2220 and 2229) of bioRole-posts and bioPool-posts, respectively, only when those attributes 
have a value different than none. 

- Alternatively, connections can be changed and previously connected bioPosts can be recycled by using 
consecutively the following set of menu options: "unname-it" (2219) of the bioPool-post which only 
appears if it has a name, "unname-it" (2229) of the bioRole-post which only appears if it has a 
name, and "name-it" (2223) of the bioPool-post which only appears if it has no name, which tasks 
are obvious and described below, followed by clicking the name of the bioPool-post into the name slot 
of the bioRole-post and selecting the "set-refs" (2228) of the bioRole-post, as described above for new 
connections. 
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• A more detailed description of those methods, with references to their definitions follow: 

- the menu option "name-it" (Table 93) associated with the class bioPool-post is only available when 
the bioPool-post has no name, and upon its selection by the modeler the pool-post-name-it-proc is 
started. This procedure gives the "names" attribute of the bioPool-post a name composed of the base 
name of the superior bioReservoir (removing the ending BR tag) followed by the default value of the 
"label", which is a reference to the class and relative position of that bioPool-post, such as PP4 
referring to bioPool-p-ppst connected at port p04, and also colors the face-color region of its icon. 

- the menu option "unname-it" (Table 94) associated with the class bioPool-post defines an option 
which is only available in the menu when the bioPool-post has a name. Upon its selection by the 
modeler it starts the poolpost-remove-name-proc, which changes the values of the names and the 
ref-bioprocess attributes of the bioPool-post to their default value none, removes the base-name from 
the value of the "label" restoring it to its default value, and resets the face-color of its icon to gray. 

- the menu option "set-rers" (Table 96) is associated with the class bioRole-post. It defines an option 
which is only available in the menu when the bioRole-post has a name, and upon its selection by the 
modeler it starts the rolepost-set-refs-proc, which changes the values of the "ref-bioreservoir" of 
the bioRole-post and the "ref-bioprocess" of its connected bioPool-post to equal the names of the 
bioReservoir superior to such bioPool-post and the bioProcess superior to the bioRole-post, 
respectively. 

- the menu option "unname-it" (Table 95) associated with the class bioRole-post defines an option 
which is only available in the menu when the bioRole-post has a name. Upon its selection by the 
modeler it starts the rolepost-remove-name-proc, which changes the values of the "names", "label", 
and "ref-bioreservoir" attributes of the bioRole-post, and the 'ref-bioprocess" attribute of the 
bioPool-post, to none. 

• The metabolic and regulatory pathways of cells and organisms are composed of a large number of 
processes. To simplify the overall structure of the system, or when the intermediary detail is 
unknown, it is possible in the currently preferred embodiment of this invention to consider parts of 
such pathways as black-box-bioProcesses with inputs and outputs connected to other modeled 
pathways or to other biack-box-bioProcesses, which are not modeled in detail. If and when it is 
desired to model disturbances at specific points in the pathway represented by a 
black-box-bioProcess, it can be split into the pathway before and the pathway after the regulated 
location, which is represented by a normal bioProcess, with the two new pathway segments now 
represented by two new black-box-bioProcesses, and the segment where the disturbance occurs to be 
defined and modeled. 

• In addition, it may be desirable to model a pathway as a single lumped bioProcess. Such may be the 
case for an enzymatic pathway for which: a) the details may be unknown or not desired, b) only the 
inputs and the outputs are relevant, and c) sufficient quantitative or qualitative information is 
available about the rate limiting enzymes and the inputs. Because of metabolic and energy/mass 
conservation constraints, only a few of their net conversion rates are independent variables, and the 
others are mutually dependent, various of those reactions can be combined and the 
pseudo-steady-state approximation of the combined process can be used instead. For these cases, the 
currently preferred embodiment of this invention provides enzyme-bioProcess subclasses with two or 
more enzyme-bioReactants, with their Velocity depending only the Concentrations of those enzymes, 
together with the substrates that are inputs to the pathway and the products are outputs of the 
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pathway, ignoring the intermediaries and other participating enzymes. The following are examples 
of overall rates of synthesis resulting in the production of a cytokine, IL2, as a cellular response to its 
binding of another extracellularly provided cytokine, IFN-a, that could be represented by a set of 
bioReservoirs and bioProcesses, to represent each of the terms of the equation: 

- rs(TT-iFN^) = ki * [IFN-a) and 

- rs(mKMA-iu) = la * [TF-IFN-a]; or rs(mRNA-iL2) = 1+ k. (IFN-a] / 1+ k. [IFN-a}+ k»; 

- rs(iu) = lo * [mRNAiu]; 

e ) Biochemical Modeling Techniques 

• To be connected to each other and integrated into pathways, bioReservoirs and bioProcesses must 
have unique names. 

• For bioReservoirs that represent the input into the system of a synthetic agonist or antagonist: a) the 
Concentration has: a) a normal default initial value of 0.0, b) has no modeled inputs from 
bioProcesses, and c) it may be modeled by a model-block. However, quantities of that compound may 
be transferred to another bioReservoir in a different compartment, and that latter bioReservoir is a 
regular one. 

• It may not be desired in most occasions that the synthesis of macromolecules, such as DNA, RNA, and 
proteins be visually modeled by bioProcesses, because of its complexity and the large number of steps 
or components involved. In these situations, the synthesis component may also be modeled by adding 
a model-block to one input-box connected to the bioPool, which is represented by the additional term 
already integrated in the Accumulation equation. The output of this model-block may define a 
global synthesis-rate (rs(t)) that may be made dependent on the values of any other variable of the 
system multiplied by a synthesis-rate-constant (k rs ) parameter, a separate attribute of the 
model-block. The k re may also be dynamically increased or decreased (by multiplying by 
appropriate factors) as defined in rules or procedures, which are fired or called as a result of the 
activation or deactivation of other bioProcesses, which directly or indirecdy regulate the processes 
of DNA-transcription into mRNA, mRNA-splicing, mRNA-translation into protein precursors, or the 
processing of the precursors into the active-form of the proteins (all or part of which may or may not 
be visually modeled). 

• When degradation or diffusion are important components of the model, they can be separately 
modeled by: a) using additional bioProcesses to model those processes; or b) adding a model-block to 
the output-box connected to the bioPool; or c) using additionally denned degradation-rate or 
diffusion-rate parameters, respectively, and modifying the formula accordingly by adding the 
corresponding terms. The first two approaches are recommended because they are more flexible and 
modular. 

• Processes in which the binding step is the limiting factor (the catalytic or other actions are fast so 
that the ES complex is very short-lived), are usually modeled by a single bioProcess. If the complex 
stays around exposed to other interactions, two bioProcesses may be used: a) complex-formation and 
b) catalytic or other action, each with its respective constants. Inhibitors and antagonists should as 
frequently as possible be modeled by separate bioProcesses. 

• In the system of this invention, the intermediary complexes that are formed in enzymatic reactions, 
and their concentrations such as [ESi] or [ESiSj], are preferably not explicitly represented, unless 
they are the specific targets of regulation or translocation to different compartments. Otherwise 
they are implicitly represented within the model equation of the bioEngine. 
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• Reaction systems with two or more substrates of the ordered or ping-pong types, may be represented 
by either one bioProcess with two substrate.r, in conjunction with the appropriate Velocity equation, 
or by two separated bioProcess in series. Preferable, these types of reactions are modeled by two 
bioProcesses in which the participants are represented as following: a) the enzyme and the first 
substrate are the enzyme-r and substratel.R of the first bioProcess, b) the bioPool of the 
enzyme-substratel complex is represented by both a bioProduct of the first bioProcess and by the 
enzyme.r for the second bioProcess, c) the second substrate is the substrate s of the second bioProcess, 
and d) one bioProduct of the second bioProcess may be represent the bioPool of the enzyme. To be more 
accurate, in the ping-pong case the bioProcess cannot be said to be first or second, since the enzyme 
oscillates between the "free" and the "complexed" states. 

• In reactions with cooperatively, such as allosteric reactions of an enzyme with n equivalent substrate 
binding sites, can be either modeled by: a) one bioProcess with a lE.nS.U.HMME bioEngine with 
each of the n substrate.r representing the same bioPool, each with a stoichiometric coefficient equal 
to 1, but each with a different effective Km corresponding to each additionally bound molecule, and 
a Velocity formula representing a Henry-Michaelis-Menten equation, as shown in — , or b) one 
bioProcess with a 1E.1S.1P.0I.HE bioEngine with one substrate.r with stoichiometric coefficient 
equal to n, and the Velocity formula representing a Hill equation, as shown in — . In that case, the 
overall affinity constant ( K = <p*K' A (n), where 9 = a*p*S*...£ ) is equivalent to the product of the Ki' 
of the first bound site times the series of fC' times the coefficients by which each molecule of ligand 
bound modifies the affinity of the other sites. 

• Allosteric reactions of an enzyme with binding sites for two or more different ligands, either 
substrates, inhibitors or modifiers, can be either modeled by: a) one bioProcess in whictveach ligand 
is represented in the formula for appropriate class of variable providing the Velocity, or b) two or 
more bioProcesses, in series or parallel or both, when the mechanism of the reaction is known and 
information is available. The latter case is preferred where separate bioProcess, one for each ■ 
ligand, compete with each other for the common component(s), with an strength dependent on their 
respective affinities and Concentrations. In addition to the cases above, it is in general preferable to 
model several complex-form-process in the following cases, as described in more detail below: 

- all types of inhibitions in which an irreversible complex is formed, such as E + I -> EI, or E + S + I -> 
5EI, 

- the effects of antagonists, such as R + Ant -> R-Ant, and 

- the feedback activation or inhibition by products, such asE + X + P->P + Y + Z, where P is the 
product of either this reaction or a downstream reaction. 

• Different types of inhibitors may be modeled in a variety of ways to show, different behaviors, 
usually involving a complex-form-process in which the resulting complex would have different 
characteristics: 

- A competitive inhibitor and the substrate are mutually exclusive, which means that EI does not bind 
S, but it may result in E + S + I <-> ES + El-> P . This type of reversible competition is best modeled 
as one enzymeEngine comprising enzyme.r, substrater and inhibitor.r, and a bioProduct, with its 
matching standard kinetic equation. The intermediary complexes may be modeled if desired by 
editing the value of the time-lag, to account for the time the E, S and I spend in the complex forms ES 
and EI, not explicitly modeled otherwise. The same approach can be applied Jo any other class or 
type of bioProcess, when appropriate. . 
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- An irreversible inhibition is equivalent to enzyme removal from the system, with the Vmax reduced, 
and it is therefore best represented by two parallel bioProcesses, of different classes: a) an 
enzvmeProcess for E + S -> P, and b) a complex-form-process for E + 1 -> EI. The production rate of P is 
influenced by the Concentration of S, directly, and I, indirectly, while the production rate of El is 
indirectly influenced by the Concentration of S. It may also be represented by one enzyme-process 
containing enzyme.r, substrates and inhibitor .r, and two bioProducts (E + S + I •> P + EI), with its 
matching standard kinetic equation. 

- An uncompetitive inhibitor may bind reversibly to the ES complex yielding inactive ESI complex, but 
it does not bind to enzyme alone. This model needs some modifications of the regular bioProcesses, 
because it requires access to an intermediary complex that is not explicidy modeled in the system of 
this invention in a standard enzyme-process ( E + 5 + I -> P). This type of reaction may be 
represented by three bioProcesses, first in series and then in parallel: a) complex-form-process: E + S 
-> ES ; b) enzymeProcess: ES -> E + P; and c) complex-form-process: ES + 1 -> ESI. It may also be 
represented by one enzyme-process comprising enzyme.r, substrates and inhibitorr, and one 
bioProduct ( E + S + I -> P), with its matching standard kinetic equation. 

- A noncompetitive inhibitor and the substrate do not affect each other's binding to the enzyme, 
however the trimeric complex SEI ( ES + I -> SEI or EI + S -> SEI) may be inactive. The main effect is 
a sequestering of either enzyme or both enzyme and substrate, and the Vmax is reduced. This type of 
reversible competition is best modeled by three different bioProcesses: an enzyme-process E + S -> P 
(a), and two complex-form-process: E + I -> EI (b), and E + 5 + I-> SEI (c), where (a) and c) have the 
same Ks and (b) and (c) have the same Ki. It may also be represented by one enzyme-process 
comprising enzyme.r, substrates and inhibitor.r, and three bioProducts (E + S + l->P + EI + SEI), 
with its matching standard kinetic equation. 

- A mixed-type inhibitor I is such that reversible binding of either I or S to E changes the Ks or Ki of 
the other by a factor a, yielding ES, EI and inactive ESI complexes. It may be best represented by 
three different bioProcesses: an enzyme-process E + S -> P (a), and two complex-form-process: E + 1 
-> EI (b), and E -t- S + I -> SEI (c), where (a) and (c) have different Ks and (b) and (c) have different 
Ki. The Ks' of (c) may equal the Ks of (a) multiplied by a, or similarly, the Ki' of c = cr*Ki, where a 
is a cooperativity-coefficient that may be introduced as a factor in the formulas of the respective Ks 
or Ki. 

• Different types of feedback regulation by downstream products is represented by different sets of 
bioProcesses. As examples are given the following cases of feedback inhibition by more than one 
product 

- Cooperative or synergistic inhibition is when mixtures of Pi and P2 at low concentrations are more 
inhibitory than the sum of inhibitions by each at those concentrations, and at saturating levels of 
either one of the products Pi and Pz, the velocity of the reaction may be driven to zero. It means that 
both Pi and Pi can combine with E simultaneously to form EP»P2 complexes. This system may be 
represented by 4 bioProcesses: an enzyme-process: E + S -> P (a), and three complex-form-processes: E 
+ li -> Eh (b), E + h -> Eb (c) and E + Ii + U -> Elih (d), , where Ii = Pi , and h = P2, and where (d) 
have different Kii and Ki2 than (b) and (c) (the K'ii of (d) = a'Kit, and the K'ii of (d) = P*Ki2, 
where a and P are cooperativity-coefficients). 

- Cumulative or partial inhibition is when each end product is a partial inhibitor, and a saturating 
level of one alone cannot drive the velocity to zero. Each of Ii or L alone, either increases the Ks of S 

75 



WO 96/22575 PCT/US96/00883 
(partial competitive inhibition) or decrease kd of E (partial non-competitive inhibition) or both 
(partial mixed-type inhibition). True cumulative inhibition results in the second case, where the 
total inhibition factor is iT = ii + iz •(1-ii ). This type of reversible competition is best modeled by 
three different bioProcesses: an enzyme-process: E + S -> P (a), and two complex-form-processes: E + 
li + b -> EI1I2 (b), and E + S + li + l2-> ESI1I2 (c), where (a) and c) have the same Ks and (b) and (c) 
have the same Kii and Kh. It may also be represented by one enzyme-process comprising enzymer, 
substrate-r, inhibitorl .r and inhibitor2.r, and three bioProducts (E + S + Ii + b->P + Elib + ESI1I2), 
with its matching standard kinetic equation. 

- Concerted or multivalent inhibition is when both end products have to be present to be inhibitory, 
and either alone has no effect on E. It means that either EI1I2 does not bind S or ESI1I2 is inactive. It 
may be represented in two alternative ways, either by: 1 ) two bioProcesses: one enzyme-process: E + S 
-> P (a) and one complex-form -process E + Ii + h -> EI1I2 (b); or 2) one enzyme-process: E + S + Ii + b 
•> ESI1I2 (c) . In both (b) and (c), the matching standard kinetic equations include a term to represent 
the concerted effect of Ii and b, that is proportional to the Concentration of Ii multiplied by the 
Concentration of I2 . 

• Additive inhibition implies the presence of two distinct enzymes or catalytic sites, each sensitive to 
only one of the feedback inhibitors. This type of reversible competition is best modeled by three 
enzyme-processes: a) E + Si + S2 -> P; b) E + Si + S2+I1 -> P; and c) E + Si + S2 + b -> P. It may also be 
represented by one enzyme-process comprising enzymer, substratel.r, substrate2.r, inhibitorl s and 
inhibitor2.r, and one bioProduct ( E + Si + S2 + Ii + 12 -> P + EI1I2 + ESI1I2 ), with its matching 
standard kinetic equation. 

- Sequential inhibition is when downstream of Ei and Si, one product Pi inhibits enzyme E2. and 
another product P2 inhibits enzyme Es of another pathway of utilization of Si. When both Pi and P2 
=are at high levels, 5i accumulates, and Si may also inhibits Ei. This type of feedback inhibition 
is best represented visually by a combination of the appropriate bioProcesses, as described above, in 
parallel and in sequence as required. 

• Lumped Enzymatic Pathways: In occasions, it may be desirable to model a pathway, such as an 
enzymatic pathway, for which: a) the details may be unknown or not desired, b) only the inputs and 
the outputs are relevant, and c) sufficient quantitative or qualitative information is available about 
the rate limiting enzymes and the inputs. Because of metabolic and energy /mass conservation 
constraints, only a few of their net conversion rates are independent variables, and the others are 
mutually dependent, various of those reactions can be combined and the pseudo-steady-state 
approximation of the combined process can be used instead. For these cases, the currently preferred 
embodiment of this invention provides enzyme-bioEngines classes with templates and stubs for two or 
more enzymes, and which formulas consider only those enzymes, together with the substrates that 
are inputs to the pathway and the products that are outputs of the pathway, ignoring the 
intermediaries and other participating enzymes. 

• Black -box -bioProcesses: The metabolic pathways of cells and organisms are composed of a large 
number of chemical reactions and compounds, that, assuming normal physiological conditions, 
maintain the steady-state of the system. To simplify the overall structure of the system, in the 
currently preferred embodiment of this invention many of such metabolic pathways are considered as 
a black box with inputs and outputs connected to other modeled pathways or two other black boxes, 
and are generally not modeled. The black boxes are considered, until better defined, as a collection of 
constitutive bioEntities interacting under steady-state conditions. If and when it is desired to model 
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disturbances at specific points in the pathway, the black-box can be split into the pathway before 
and the pathway after (both of which remain like black boxes) , and the segment where the 
disturbance occurs to be defined and modeled . 

f ) B Handling Challenging Aspects of Modeling Complex Systems' Behavior 

• Modeling Internal Mechanisms of Cells 

+ The transfer of molecules from compartment i to compartment j does not happen at once, but rather 
follows a Gaussian distribution, which may be modeled using the corresponding model-block to from 
which the translocation-rate would be dependent. The bioEngines have also a "time-lag" attribute, 
defined as the time interval between the availability of the bioReactants to the bioProcess and the 
the availability of the bioProducts to the next bioPool, which can be used for processes where 
translocations of molecules or cells are involved. The analytic equations for the distribution of 
bioEnnties in consecutive pools, are a function of the initial concentration of the first bioPool and the 
corresponding translocation-rate constant (k) and time-delays (d), respectively, of the successive 
bioEngines. For example, to model the series of translocations of proteins through the several 
compartments in which they are processed after their synthesis, with the system of this invention, 
the modeler would clone from the Palettes set of bioReservoirs and bioProcesses of the appropriate 
types o represent the different terms of the following equations, which are then transferred to the 
appropriate compartments, connected and configured, and desired values are given to the model 
parameters. Translocation rates between compartments could be expressed as translocation 
half-rimes, defined as : 1 1/2 nu = In {2/ K,,,,), where K nu is the rate constant for processing in the 
nucleus or the rate constant for transport from the nucleus to the ER, or both lumped together. For 
steady-state balanced growth, where u=0 and rp(t) is the rate of transcription in the nucleus 
(molecules/hour/cell): [RNA] nu M (t) = rp(t)/K„ u . The additional equations that follow are similar 
to those proposed for cell cycle-dependent protein accumulation by Bibila & Flickinger, (1991), . 
Biotechnology and Bioengineering 3S: 767-780, and have to be adapted for use in the simulation 
formulas of the system of this invention which takes a dynamic approach: 

- [X t ] = SXj* [Xj] 0 * e" krt (this is ER) 

- [X 2 ] = §V§Xj * l x lV (e _k, * t V krt y kj/ (kj-kp, where t'=t-d 1 (this is Golgi) 

- [X 3 | = §X 2 /§X! • [X,] 0 » He* kl * t "-l)/k 1 + (e' krt "-l)/k,)/ (kj-kj), where t"=t-d 1 -d 2 (this is 

extracell. romp, for secreted proteins) 

- On many occasions, the newly generated molecules are secreted, while on other occasions, the newly 
generated molecules are retained in the cell, either to maintain housekeeping functions, which are 
usually included in the steady-state and no implicitly modeled, or they result in new cellular 
functions, in which case, its mechanisms are graphically modeled. If this response results only in 
proliferation, the inference engine may monitor the simulation of the cell mechanisms, and based on 
the values of certain variable or sets of variable, may cyclically activate the next 
phase-compartment in the cycle. However, if the response results in cellular differentiation, the 
inference engine activates a different cell-bioModel, if such exits, that represents the new stage of 
differentiation, or will send a message to the user otherwise. 

- The different bioProcesses in a cellular bioModel may be activated for different periods of time, if 
placed within sequential time compartments, but they will be overlapping with many other 
bioProcesses contained in the GO-phase-compartment, which are not deactivated during a 
simulation. BioReservoirs that may be participate in two different sequential time compartments 
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are preferably located and contained within the GO-phase-compartment, to maintain the continuity 
and to carry over the values of its concentration / density / scaled-amount from one sequential 
discrete time compartment to the next. These temporal compartments represent somewhat defined 
cellular phases with different activities. 

- Mechanisms that are well studied in one animal species can be interpolated in the pathways of 
other species where the pathway may be less understood, such as in humans, by cloning the submodel 
containing the bioReservoirs and bioProcesses from the first species and transferring to the 
appropriate compartment of the second, and then renaming and reestablishing the appropriate 
connections. For instance, the genes that participate in programmed cell death or apoptosis in the 
nematode C. elegans have been identified, and it appears that ced-9 acts by inhibiting ad-3 or ced-4 
activity. Since the human bd-2 is also active when inserted into C. elegans (Vaux et al., Science 258: 
1955) and it is also believed to be the homologue of ced-9, a model equivalent for that for the 
interactions of ced-9 with ced-4 or ced-4 can be also constructed for bd-2 with ced-3-like or 
ced-4-like. 

- BioPoots that represent points of entry for non-physiological substances, such as drugs or synthetic 
agonists, antagonists or inhibitors that are not produced within the cells, at the compartment where 
it is first introduced have the following characteristics: a) they receive their values only from 
external sources, such as a simulation-panel, initially, the concentration equals the external input, 
and therefore X inputs = entry Value; b) they have a basalConcentration value of 0, c) they have no 
schematically modeled inputs, d) e) they may have several schematically modeled outputs, 
through modification- and translocation-bioProcesses, in addition to the decay term that represents 
diffusion, degradation and dilution, and e) the quantity variables of those bioPoots cannot obtain 
values higher than those inputted by the user, but may get smaller over time due to the outputs and 
the decay factor ( [As]*(u+L outputs) £ [entry]). When that compound is modified or translocated to 
another compartment, the latter's is a regular bioPool, but still constrained . 

• Modeling Cell Population Dynamics 

- There is a number of ways of modeling and simulating cell population dynamics, using this invention. 
A number of attributes defined for the classes cellReservoir, cellPool, cell bioModel, and other 
bioObjects can be used to hold parameters and variables to be used for that purposes. Following the 
teachings of this invention, other attributes can be similarly defined and used to better meet any 
particular biological system to be modeled, or hypothesis that a user may want to test, or to meet the 
needs for any monitoring or control system that use those biological models. Some examples are 
presented below. 

- The state transitions are represented in the system of this invention by translocation bioProcesses 
between two bioPools, each containing entities in the former and in the latter states, at a rate that is 
determined with one of three approaches: a) mechanistic approach; b)probabilistic approach; or c) 
deterministic approach. 

• In the mechanistic approach, the rate of the translocation process will be dependent on the . 
dynamically changing values of certain variable or combination of variables, implicitly modeled 
inside an indicated cell-bioModel, reaching some threshold value(s). With this approach, the 
high-level models may be integrated with the mechanistic models, representing both the 
spatio-temporal integration in a single cell-bioModel and the quantitative data about populations 
of such cell modeled. This mechanistic approach is currently difficult to implement for the 
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particular domain selected for this invention, since there is not sufficient information available. 
This approach can be implemented with better known systems in other domains. 

- For some simplified in vitro biological systems, such as oocyte extracts, a mechanistic approach is 
used to model a transition which mechanism is known or expected, such as the role of the interplay 
between cyclin-B2 and the phosphoryiated and dephosphorylated forms of the cdc2-kinase in the 
transition from the G2 to the mitosis phases of the cell cycle. The rate of increase in the number of 
cells with a cdc2**cydin (cc)level greater that 0 in a given cell cycle phase = fraction of cells in that 
phase (Gj) • {the rate at which cells within that phase reach a cdc2"cydin level <[ccl Gl ) greater 
that 0 - the rate at which cells with cdc2**cydin level greater that 0 leaves that phase ): 

- The following is an example of how a simplified mechanistic approach can be implemented. The 
rates of growth in eukaryotes and the rates of translocation from one cell-state-pool to the next can be 
represented as a linear or non-linear functions of the concentrations of spedfic molecules, such as 
external regulatory factors, regulatory enzymes, and total and spedfic mRNAs. For example, if a 
limiting protein L determines the transition from one time-compartment to another, then the 
expression of the mRNA for L could regulate that transition. Furthermore, the growth-rate ft can be 
represented as a linear function of the concentration of a given spedfic mRNA , and the rate of 
mRNA transcription can be represented as a non-linear function of the concentrations of two or more 
growth factors (or other regulators), or it can be assumed to be a combination of growth assodated and 
stimulus-dependent kinetics. In turn, the steady state values of all enzyme synthesis rates and the 
total spedfic RNA level are a function (linear for RNA) of the steady-state spedfic growth-rate u. 
The total RNA can be used as a measure of the growth resources of the cells, since the ability to 
increase a stimulus-induced spedfic sRNA is limited by the amount of synthesis proteins, which in 
turn is limited by the amount of total RNA. Because the relatively high rate of RNA turnover and 
the dilution effect of cell growth, the [sRNA] responds immediately to a removal of the 
stimulus-effector. With an increase of the stimulus-effector, the rate of increase of [sRNA] is 
controlled by a time constant which is inversely proportional to the total RNA of the cell (Copella 
&Dhurjati 1990. Biotech. Bioeng. 35356-374). With the system of this invention, the modeler would 
done from the Palettes set of bioReservoirs and bioProcesses of the appropriate types o represent the 
different terms of the following equations, which are then transferred to the appropriate 
compartments, connected and configured, and desired values are given to the model parameters. The 
following equations have to be adapted for use in the simulation formulas of the system of this 
invention, (u = ^ * ([mRNA] - [mRNA]o)-> (1/h) = (gX/gRNA) • (gRNA/gX/h); 1 = ^ /( u + 
k x »[mRNA]o/[X]), where 1^ is the rate constant for mRNA transcription (gRNA/gX), t is the time 
constant (gX/gRNA), and [mRNA]o/[X] is the spedfic [mRNA] at u=0. The growth rate can also be 
viewed as the sum of all rates in one simple anabolic pathway divided by the total mass (growth 
from glucose in bacteria): \i=(Lt$/ [XJ. The number of generations: <I> = log(2)((X - Xo)/Xo)) 

- V L'C^^ t 'i a eo X C1 (x)dx = G^tf^'dtsfiHB)* X G1 ( 0 )-r(G r >S)»J tl e ' > e<x)dx), where X^fx) and e(x)arethe 
frequency functions describing the cc content distribution for cells in G] and Cj->S transition, respectively, and 
r(G r >S) is the rate constant mat describe that transition; r(G r >S) = u / Gj* {Nq + G2 + S); r(S->C 2 ) = u / S* 
(No + G 2 ); r(G2->G 1 ) = u/G2*No 

- The following equations are examples of how overall rates of synthesis can be used to implement 
black-boxes, where each of those equations provide the value for the Velodty of the black-boxes to 
be represented by the corresponding type of bioProcesses: for IFN-a -> IL2 : rs(TT iPN^) = ki • [IFN-a] 
and rs(mRNA-nj) = la * [TF-IFN-a] ( or tsMna-iu) = 1+ ka [IFN-a] / 1+ k. [IFN-a]+ k»;); rs(m) = la • 
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[mRNAiu]. 

- By using the concentrations variables of sol-mol-pools, expressed as moles per volume units rather 
that per cell, it would not be necessary to adjust the steady-state concentration with growth for 
constitutive enzymes, since it is assumed that both increase at the same rate, while for regulated 
enzymes, the dilution effect is more apparent, since it is not paralleled by synthesis. In the current 
implementation focusing on regulatory processes, since most of them take place in the form of large 
molecular complexes, highly localized in some parts of the cell, it would be more meaningful to use 
the defined density variables (molecules per cell). To synchronize the simulation from the 
intracellular to the cellPool level, the quantities of all the bioPools of extracellular molecules are 
halved at each cell division transition. In addition, specific rates are rates per cell, and total rates 
are specific rates multiplied by the cell density. Specific cell components may increase throughout 
the cell cycle: a) continuously at a constant rate, b) at a rate that doubles when the DNA is 
replicated, c) at a progressively increasing rate which follows fist-order kinetics, or d) 
discontinuously, according to a sequence of events which changes the rates in a complex pattern. 

- When the mechanisms are unknown, a deterministic approach may be taken with the transitions 
modeled as a time-dependent events. As shown in Fig 2, the cell-phase compartments, which are 
holders of mechanistic models, also have an attribute "interval" to hold information about the 
experimentally observed duration of that phase of the cycle, which can be used during a 
simulation-run to deterministically deactivate such subworkspace when that period of time has ., 
elapsed since the subworkspace was activated, or whenever any type of known constraints are met 
In the deterministic approach, the rate of the translocation process is defined by a rate constant, 
which may have a constant predefined value, or its value may be variable and set at run-time by a 
simulation formula, an expert rule, or procedure, such as one that reads the phase's "interval" just 
described, or it can be modeled by a model-block. The transfer of cells from cellPool i to cellPool j 
does not happen at once, but rather follows a Gaussian distribution, which may be modeled using the 
corresponding model-block. 

+ Following is an example of a high-level representation of the effect of some drug on cell growth, 
when there is partial mechanistic knowledge available, but where most of the many other steps in 
the pathways leading from the external drug to the regulation of cell growth are unknown. In a 
system where enzyme Xi produces a soluble substance c which is used in the formation of active 
enzyme Xz. If Xi and Xi represent the total amounts of Xi and X2 contained in n cells, and if Xz is the 
component which, upon reaching a threshold, determines the occurrence of cell division, so that n = 
(JXa, where 0 is a constant, then, assuming steady-state, when c remains at a steady concentration and 
therefore the formation of Xa is proportional to [Xi]), follows that: d[c]/dt = A(Xi/n) - B(Xi/n)[c] - 
C[c] = 0, (1) where A, B, and C are constants. From (1) it can be said that c = P X1/X2, and following 
a set of derivations it results that the growth rate is: k = d(ln n)/dt - d(ln X2)/dt. If now c decreases 
from the action of some drug, then Xi which is proportional to [cj decreases. The cell growth rate 
dn/dt - f) dXi/dt will also decrease. The effect of the drop in c is an increase in Xi relative to Xi, 
until a new level of Xi is reached that restores the cell growth rate to its initial value. In the . 
representation used in this invention: 

- the 1st term is represented by an enzyme-bioProcess corresponding to the formation of c by Xi, where 
the enzyme-bioReactant would be connected to the bioPool of Xi, the substrate-bioReactant would be 
connected to the bioPool of the precursor of c, and the bioProduct would be connected to the bioPool of 
c 
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- the 2nd term is represented by an complex-formabon-bioProcess corresponding to the consumption of c 
in the formation of X2 from c and other subunit(s), connected to the appropriate bioReservoirs; and 

- the 3rd term could be represented, depending on the specific biologic mechanism to be modeled, by: a) 
a complex-formation-bioProcess corresponding to the consumption of c in the formation of a complex 
leading to the loss of c by degradation by a ubiquitin-dependent mechanism, connected to the 
appropriate bioReservoirs; or b) a translocation-bioProcess, representing other mechanisms of loss of 
c, such as by diffusion, connected to the appropriate bioReservoirs; or c) implicitly represented by 
the degradation-coeff within the formula that determines the current amount of c, which includes a 
term with default degradation. 

- in this system, the scaled-amount set of variables is used, because what is relevant for the behavior 
of the system are the relative value of X2 in relation to its threshold, which determines cell 
division, and the ratio between X1/X2, which regulates the rate of production of X2, and not their 
absolute amounts. 

- the value of the number-of-cells attribute of the cell-bioModel that contain those bioProcesses and 
their corresponding bioReservoirs, is doubled when the scaled-amount of the bioPool of X2 reaches 
the threshold, and at the same time, Xi, Xi are halved while [c] remains constant. 

- The above example is an oversimplification, and in fact much more is currently known about the 
mechanisms that determine the initiation of mitosis, in which complex interdependences are 
involved, such as the equivalent of X2 , a complex, regulating not only the rapid increase in its 
production by a positive feedback loop upon the equivalent of Xi, but also X2 regulating its 
destruction by activating an enzyme in the ubiquitin-dependent mechanism, and X2 regulating its 
inactivan'on by activating another enzyme that converts Xi back to c. In general, in the absence of 
diffusion, the simple case that might produce organization in time is that of two concentration 
variables, Xi and Xi, where the value of each is dependent on the value of both, such as when: 
d[Xi]/dt = vi (Xi,Xj); and d[Xs]/dt = vz (Xi,X2). 

- Other high-level physiological events can be modeled in a similar manner, such as considering -, 
different cells subsets (i.e. neutrophils) changing compartments (intravascular -> interstitial space 
during inflammation) as induced by cytokines (i.e. TNF-ot, which is produced upon activation by 
macrophages, neutrophils, T-lymphocytes, natural killer cells and mast cells), in 
chemotactic-bioProcesses. The time-period that a cell subset stays in such a compartment depends in 
part on the expression of adhesion proteins (such as E-selectin (ELAM-1) or ICAM-1 by endothelial 
cells, which expression is induced by TNF-a), that will be components of 
cell-interaction-bioProcesses. 

• Modeling Progression through Different Cell States: The Cell Cycle and Cell Differentiation 

- Each cell-phase has two attributes called the Generation-number («J») and the Number-of-cells (N, 
per volume unit). At each cell division at the mechanistic level, that is, when the subworkspace of 
the M-phase compartment is deactivated and optionally the subworkspace of the Gl -phase 
compartment is activated, predefined expert rules set <I> = <t> +1 and N=2n for each cell-phase of that 
cell-bioModel. Another attributes called Mass-per-cell (X), can optionally be given a value and used 
to calculate specific values as a function of cell mass, in which case predefined expert rules (Table 78) 
set X = X/2 for the Go-phase, and the Gl-phase if applicable, of that cell-bioModel, and then the 
value of that attribute would be modeled as dependent on time or as dependent on any other 
variable(s), such as the concentration of some specific mRNA(s) or protein(s), until reaching again a 
value of X or dose to X. In turn, the value of X can be used to adjust other quantities or to control the 
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activation and deactivation of the subworkspaces of each successive cell-phase of that 
cell-bioModel, making it dependent on cell-size. The equivalent at the population level at mitosis is 
that n cells from the M-phase bioPool are translocated to the GO-phase (or the Gl-phase depending 
on the situation) bioPool while multiplied by 2, so that the GO(Gl)-phase bioPool receives 2n cells. 

- FIG.13 is a representation of the mechanistic approach, and attempts to represent on paper what can 
be achieved dynamically at run-time applying the innovations of this invention. If we assume that 
a cell is in Go-phase state and focus on that state's sub-workspace (1301), and there we assume that 
variables represented as Z and W have received the values z and w, respectively, then following 
the implementation described in this invention, a rule will be invoked (1102) that will activate the 
subworkspace of the Gl.l-phase (1303) compartment. Activation of Gl.l-phase.sw implies that all 
the variables and parameters encapsulated within the bioObjects contained upon that subworkspace 
will be available to the simulator, and the data flow can now continue through any branch of the 
pathways represented there. Therefore, upon required events being satisfied, such as Z and W 
reaching certain thresholds -which could be an effect of binding one or more growth factors to their 
receptors on the cell membrane-, the cell makes a transition from the GO to the Gl.l phase. The 
subworkspace of the Gl.l-phase remains activated during the whole simulation run because it 
contains all those bioProcesses that are not cell cycle specific. Focusing now on the simulation of the 
Gl.l-phase (1303), two expert rules could be invoked, saying that "Whenever variable A receives a 
value a > el then activate Gl.2-phase.sw" (1304), or "If X and Y receive values x > al and y > e3 
then activate Differentiated-Cell.sw" (1305) and depending on which one is invoked first, either 
the subworkspace of the Gl .2-phase (1306) compartment or the subworkspace of the 
Differentiated-Celliw (1307) compartment will be activated, since the subworkspace of the 
Gl.l-phase (1306) compartment will be deactivated by another two expert rules that state that 
"Whenever the subworkspace of the Gl. 2-phase (or Differentiated-Cell) is activated then 
deactivate the subworkspace of the Gl.l-phase". This way of reasoning apply to the other 
cell-phases as well, with the difference that the options vary for each cell-phase. For example, the 
G1.2-phase (1306) and S-phase (1308) may be committed to only one option, with the time for 
progression to the next phase being determined by one rule, as shown, while the G2-phase (1309) and 
M-phase (1310) have two options, and which one will be activated is controlled by two rules, as 
described above. One of the options, Apoptosis (1311) is a dead-end stage, representing regulated 
cell death. While in M-phase (1310), a live cell's program tells it, before or during cell division, to 
continue proliferating, in which case one or both the daughter cells entering again the Gl.l-phase, 
by activating the subworkspace of the Gl.l-phase, or to exit the cell-cycle, in which case the 
simulation continues with only the Go-phase. Note that the options for each one of the cell-phases 
have been predefined by the characteristic number of stubs for each subclass . 

- The dynamics system diagram in that figure is used to represent that the defined attributes of the 
subclasses of cell-phase contain a variable that allows to keep track of the proportion of the cells, 
from the original number on Go-phase, are progressing through the phases of the cycle, as an 
alternative to build a model with a set of bioReservoirs and bioProcesses. This variable can be 
modeled using a probabilistic or mechanistic approach. In a probabilistic approach for representing 
cell-phase distributions, a balanced growth type of cell population is characterized by such 
distributions, which is a time invariant property even if their total number increase exponentially 
with a constant specific growth rate u. Each of the subsets of that population, which represent 
different cell-phases, and which can also be represented as separate ceUPools in the system of this 
invention, increase in number at the same specific rate and are also characterized by time invariant 
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property distributions, which is represented by the "typical-fraction" attribute of each of the 
cell-phases. At some steps during a simulation, the alternative cell-phase compartments that could 
follow may exclude each other at the single cell level, but not at the cell population level, so that 
different subsets of a population may follow different paths, with the distribution depending on the 
strength of signaling events generated within the simulation itself. Therefore, the simulation of the 
value of this variable could be modeled to represent the probabilistic distributions, independently of 
which subworkspaces are activated first following the mechanistic approach. 

• As shown in FIG32, If a cellular response results only in proliferation, the simulation of the 
population cell dynamics involving bioPools of cells in different states, results in cells that keep 
translocating from bioPool to bioPool, each representing a different one from a discrete number of 
states, resulting in cycles through a closed-loop set of cell-state bioPools, one of those . However, if 
the response results in cellular differentiation, it generates branching to a new closed-loop set of 
cell-state-pools. 

- FIG.32 shows how a cell populations approach bioModel can be build to model the translocation of 
cells between the major states considered, as mechanistically represented by the defined subclasses 
of cell-phase', by creating and connecting a set of bioReservoirs and bioProcesses, as the example 
detailed in the figure shows. Although the cell cycle is a continuous one, it can be 
compartmentalized into functional cycle intervals whenever it is deemed useful to better represent 
the dynamic simulation of the system. The initial state is the resting state, represented by the 
cellPool Cell-Xl-Go (3201), which contains cells of type XI (or in differentiation stage XI) in the 
Go-phase. That cellPool may receive inputs (3202) from various sources, represented by bioProcesses 
in which cells are added to the resting pool after having been activated or cycling as the result of a 
variety of factors, and its outputs (3203) may contribute also to a variety of such bioProcesses, such as 
the one that will be here described. While at Go-phase, if the cell is activated (3204) by a growth 
factor (3205), antigen or any other activating stimulus, the cell enters the activated state or 
Gl.l-phase (3206) and added to the corresponding bioPoo! (3207). From that bioPool (3207), all the 
cells may follow one of the two different options, or different cells may follow different options for 
the next cell-phase, depending on the type and strength of the signals received, either: a) following 
the cell cycle (3208) if certain growth factor(s) (3209) are sufficiently present, resulting in cells XI in 
G1.2-phase pathway (3210) and added to their corresponding bioPool (3211), or b) following the cell 
differentiation pathway (3212) if certain differentiation factor(s) (3213) are sufficiently present 
resulting in cells X2 in Gl.l-phase (3214) and added to their corresponding bioPool (3215), and these 
cells will now follow a new set of . Each of the cell types will be then running in parallel, with their 
own set of bioReservoirs and bioProcesses. The same reasoning applies to the rest of the system, as 
detailed in the figure, which will not be further explain, only to say that and the end of the cell 
cycle, in the cellEngine (3216) that returns cells from M-phase (3206) to Gl.l-phase (3206), has not 
only a translocation function, but in addition, given that the "stoichiometric-coeff" of cell-Xl-Go is 2 
while the "stoichiometric-coeff" of cell-Xl-M is 1, it doubles the number of cells to be added to the 
cell-Xl -Go-pool. 

- In fast growing organisms, the dilution factor resulting from cell growth is represented by n, while in 
slow growing cells direct enzyme degradation is more important, since the levels of many enzymes in 
animal cells is controlled by the balance between enzyme synthesis and degradation, called turnover. 
The synthesis of an enzyme is a zero-order process, while the degradation usually has a first-order 
kinetics (proportional to the concentration of enzymes. 
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- It is very difficult to measure directly the rates of change of different cellular components at the 
single cell level. A modeling framework requires at least data from measurements about the 
distributions of single-cell components in growing cell populations, and at the time of cell division 
and birth, which in some cases can be obtained by multiparameter flow cytometry. 

+ Growth rate in terms of net rate of protein accumulation in single cells in each phase of the cell cyde. 

- The growth rate in terms of net rate of protein accumulation in single cells in each phase of the cell 
cycle can be calculated, for balanced growth cell-populations, based on the measured distributions of 
single-cell protein content in the total cell population. Similarly, net rates of accumulation of any 
specific protein as well as any other compound or property can be calculated whenever the properties 
and their distributions can be measured on a single cell basis, such as with multiparameter flow 
cytometry with gating features, that permit direct correlation with the cell-cycle phase. 
Kromenaker and Srienc (1991) defined balanced growth-cell populations as those characterized by: 
a) the total cell number increasing exponentially with time according to a specific constant mean 
growth rate, and b) the total cell population and any of its sub-populations having a time invariant 
single-cell property distributions. They developed equations to represent the dynamics of a given 
protein content range in an individual cell cycle, and after deriving restrictions mat apply to the 
rate constants and substituting those in the original equations, the obtained expressions for the 
growth rates for each individual cell cycle. The transformation of this model into the graphic 
language proposed in this invention, and the incorporation of those equations, is an example of a 
currently preferred embodiment of this invention, which is explained in more detail in Exhibit Ml. 

- The transition between different time-compartments may also be made a function of cell size, or its 
equivalent total-protein content, both of which are attributes of cell-bioModel. At thepopulation 
level, the transfer of cell-units from the bioPool of cells in Gl.l-phase to the bioPool of cells in - 
Gl.l-phase is also based on the value of such attributes. For example: the rate of increase in the 
number of cells with a protein content greater than a given value p in Gl, which may be established 
to delimit the Gl.l-phase from the Gl-2-phase compartments, equals the rate at which cells with a 
protein content greater than p enter Gl-phase + the rate at which cells within Gl-phase grow into 
the class of cells with a protein content greater than p - the rate at which cells with a protein 
content greater than p exit the Gl-phase. 

+ Additional sub-phases can be analyzed whenever appropriate landmarks can be observed to define 
additional transitions. To represent a specific form of cell death, which is highly regulated and 
known as programmed ceil death or apoptosis, a separate time-compartment is defined in this 
system, which is equivalent to a cell-cycle phase compartment but with the difference that has a 
dead end and does lead to a next compartment, but rather eliminates cells that have passed through 
certain specific combination of events. In addition, an additional term representing the rate of exit 
from each cell-cycle compartment via other types of ceil death may be introduced into each of the 
population balance equations. 

- In this system, in general it is assumed that cell division is symmetric, and that total protein is 
conserved at cell division. The Gl-phase is bounded by cell birth and initiation of DNA replication; 
5-phase is bounded by the initiation and completion of DNA; G2-phase is bounded by the completion 
of DNA synthesis and the initiation of mitosis; and the M-phase is bounded by the initiation of 
mitosis and cell division. At balanced growth, each subset of cells in each cell cycle phase increase 
in numbers at the same specific growth rate as the overall population. The rate of entry into the Gl 
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phase is twice the rate of exit from the M phase. Additional phase compartments can be added 
whenever other transition landmarks can be measured, as well as the cell distribution at each side of 
the transition. The following can be used as the equations to model the rates: rcrci = k * No / G20, rcis 
= k * (No + G20 + So) / G10, rSca = k • (No + G20) / So. where No is the number of cell in the total 
population at some reference time, and No = G10 + G20 + So at this time 

- The currently preferred embodiment of this invention deals with different stages of cell 
differentiation, each representative of a characteristic set of behaviors, as separate pools of cells. 
All the cells in a pool have identical behavior and, again, in the system of this invention when one 
refers to an instance of a cell with a particular phenotype it does not mean an individual cell but 
rather a pool of equal cells that is characterized by its behavior and also by a cell-number and a 
cell-density. We have also considered previously cases where individual cells grow and 
differentiate in response to specific signals provided when environmental factors activate specific 
receptors that initiate a signal transduction pathway within the cell. However, different cells 
respond by following diverse pathways in response to an identical signal, and this specific response 
depends on the history of that cell. For example, erythroid cells could be allotted to three pools 
with phenotypes characterized by the presence of two cell differentiation surface markers CD34 (a 
glycoprotein) and CD71 (the transferrin receptor): a) CD34 + include most immature erythroid 
progenitor cells; b) CD71 iow includes intermediate stages; and c) CD34~CU71^ i & includes most - 
mature erythroid progenitors. Each of this populations have different predominant form of the 
erytropoietin receptor, and respond in different ways to erytropoietin: CD34 + express a truncated 
form of the receptor and respond by proliferation, while CD34"CD71 hi 8 h respond by differentiation 
and are protected from apoptosis or programmed cell death (Nakamura et al., Science 257, 1138-1141, 
1992). In the currently preferred embodiment of this invention, the particular history of each cell 
pool is reflected in the specific bioModels as determined by the particular procedures to be followed, 
which are encoded in the corresponding attributes of the bioObjects that are components of that cell's 
specific bioModels. 

3. Navigation and General Modes: Exploring and Queering the Virtual Models 
a ) Menus and Panels 

• The domain-menus associated with the Navigation Mode and the General Mode, the default user 
mode for users with no modeler or developer rights, comprise the headings: "Help & Mode Menus", 
"Structure Libraries", "Pathway Libraries", previously discussed, and "Panels", which options 
include panels of various types used to access tasks that are not initiated from one single bioReservoir 
or bioProcess, or their components, but which are either application-wide or including more that one 
starting points. 

• One of the panels is the Initialization Panel is used to request the initialization tasks associated 
with each of the buttons. Here we will discuss the methods associated with each of those buttons. 
An initially rule (Table 97) causes this panel to be automatically displayed when the program is 
started. Selecting the "Menu" burton calls the basis-menu-head-callback (Table 98) which causes 
the creation of the specific domain-menus, by calling other procedures denned within the Shell and, 
depending on the current value of the user-mode of the window from which the request has been 
made, it passes as argument the name the menu-structures specific for that mode. A 
menu-system-template is a facility provided by the Shell that allows to build permanent designs of 
connected structures or menu-templates of different classes, each corresponding to a different menu 
option, and each containing attributes that hold information about the "label" to be displayed by 
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such menu option, the name of the procedure to be invoked, and depending on the class of such menu 
object, it may hold either the name of the object which subworkspace is is to be displayed, or the 
name of a new menu system to be displayed. When an option is selected from the menu, the procedure 
named in its corresponding template is started, which may take as arguments the values of some of 
those other attributes. The domain-menus are transient sets of workspaces and messages that are 
dynamically created mirroring the ordered design of the named permanent menu-structure. 

• Selecting "References Scroll" displays the the subworkspace of the References Panel, discussed 
below. Selecting "Structure Queries" creates a clone of Master-General-Structure-Query-Panel and 
displays its subworkspace discussed in more detail below in relation to F1G-30. Selecting any of the 
"Experiment Setup #" displays the subworkspace of the corresponding "Experiment Setup Panel", 
which are variously modified clones of the Master-Experiment-Setup-Panel, one of which will be 
discussed in more detail under the Simulation Mode heading in relation to FIG35, since part of the 
capabilities provided within this type of panels can be used under the General Mode, and all the 
capabilities can be used in Simulation Mode. 

b) Initialization 

• Selecting the "Navig Init" button calls the navig-init-callback, which in rum calls the 
navig-init-proc (Table 99), which results in the activation of the subworkspaces of all bioProcesses 
and bioReservoirs (which are all deactivated when the application is initially started), and then 
successively calling the following procedures: 

- the br-initialization-proc (Table 100) sets the appropriate values of the "master-bioReservoir" 
attribute of all bioReservoirs, highlights the flag-color region of the icon of those bioReservoirs . 
that have "warnings", sets the appropriate values of the "ref-bioprocess" attribute of all 
bioPool-posts of all bioReservoirs, and establishes all the appropriate "a-down-bioProcess-of" and 
"an-up-bioProcess-of" relations between bioProcesses and bioReservoirs, making then those changes 
permanent (note that relations are transient and cannot be made permanent, and therefore they are 
lost when the application is restarted). 

- the bp-initialization-proc (TablelOl) changes the color of the type-color region of the icon of each 
bioProcess to equal that of the btoEngine it contains, sets the appropriate values of the 
"master-bioprocess" attribute of each bioProcess, highlights the flag-color region of the icon of those 
bioProcesses that have "warnings", sets the appropriate values of the "ref-bioreservoir" attribute of 
all bioRole-posts of each bioProcess, establishes "an-upstream-bioReservoir-of" and 
"a-downstream-bioReservoir-of" relations between certain pairs of bioReservoirs that are separated 
only by one bioProcess, and establishes "an-upstream-bioProcess-of" and 

"a-downstream-bioProcess-oF relations between certain pairs of bioProcesses that are separated 
only by onebioReservoir. 

- the downstream-chaining-proc (Table 102) completes the downstream chaining process by extending 
those relations to distant bioReservoirs and bioProcesses, by establishing the appropriate 
"a-downstream-bioReservoir-of" relations between any bioReservoir A and each other bioReservoir 
that is positioned downstream of A in any pathway, and establishes all the appropriate 
"a-downsrream-bioProcess-of" relations between any bioProcesses B and each bioProcess that is 
positioned downstream of B in any pathway. 

- the upstream-chaining-proc (Table 103) completes the upstream chaining process by extending those 
relations to distant bioReservoirs and bioProcesses, by establishing the appropriate 
"an-upstream-bioReservoir-of" relations between any bioReservoir A and each other bioReservoir 
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that is positioned upstream of A in any pathway, and establishes all the appropriate 
"an-upstream-bioProcess-or relations between any bioProcesses B and each bioProcess that is 
positioned upstream of B in any pathway. 

- the biomodel-initialization-proc (Table 104) scans each bioModel for other contained bioModels, 
bioProcesses and bioReservoirs, going down the subworkspace hierarchy, and establishes the 
following relations between any combination of them: bm-contained-in between a bioModel and a 
bioModel, bp-contained-in between a bioProcess and a bioModel, and br-contained-in between a 
bioReservoir and a bioModel (Table 47). Those relations are important for all further processing, 
and are used by the newly defined query procedures, navigation procedures, and simulation 
procedures described below. 

• A rule (Table 119) monitors the application at run time, and whenever the user moves a bioModel the 
rule starts the biomodel-ws-check-proc, which checks whether the bioModel has been moved to a 
different workspace, in which case it calls the remove-biomodel-containing-proc (Table 119), to 
brake the old relations that no longer apply, and calls this biomodel-initialization-proc (Table 104) 
to establish the new relations. The upstream and downstream relations are also created and broken 
at run-time by a set of rules (Table 76) and a parallel set for bioReservoirs, not shown) that monitor 
whenever any such chaining relation is newly established or broken, and in response to such events 
they establish or brake other relations, according to similar criteria, which in turn trigger the same 
rules for a chain of other bioReservoirs or bioProcesses. The use those rules makes sure that if a 
modeler or user deletes a bioReservoir or bioProcess that is part of one such chain of relations, then 
the chain is broken between the elements of both sides on the breaking point. Similar sets of rules are 
used for establishing relations whenever new connections between bioReservoirs and bioProcesses' are 
made by the modeler. 

• The " Add-Query" button is to be selected only after the "Navig Init" was been successfully concluded. 
If changes to the database have been made by the modeler since the "Navig Init" was last concluded, 
or if the application has been restarted, then the "Query Init" button should be selected. The 
common purpose of both buttons is to organize knowledge about the structure of all the bioEntines in 
the application, and to create a set of structures to hold that knowledge, to be used any time that the 
user request a predefined query that involves that kind of knowledge. Selecting the "Add Query" 
button calls the add-query-callback (Table 105), which in turn calls the two procedures that follow. 
Selecting the "Query Init" button calls the query-init-callback (Table 106), which in turn calls the 
navig-init-proc (Table 99) and the two procedures that follow: 

- the et-initialization-proc (Table 107) scans the loaded application for every copy of each named 
complex-bioEntity, and then assigns a value to the "id" attribute of each such copy that is equal to 
the name of such bioEnbty complex-bioEntity ended by the copy number. Copies are numbered 
consecutively, in the order found, with the original being -0. 

+ the init-query-tables-proc (Table 108) activates the subworkspace of the Query-Arrays-Bin and 
deletes any old array upon it, and also deletes any old list upon the Query-Lists-Bin, and then call 
the following procedures: 

- the find-bioenhty-definitions-proc (Table 109) scans the Bioentities-Defs-Bin, which contains all 
the object definitions of all the subclasses of the class bioEntity, and for each of those subclasses it 
calls the create-query-array-proc (Table 110) which creates a query-array, sets its "major-class" 
attribute equal to the name of the superior-class of such subclass, sets its "ref-component<lass" 
attribute equal to the name of such subclass, and sets its "name" attribute equal to the name of such 
subclass followed by the ending -query-array, and transfers such query-array to the 
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Query-Arrays-Bin at a location specific for each superior-class; 

the create-query-lists-proc (Table 111) creates a query-list to correspond to each query-array in the 
Query-Arrays-Bin, and transfers the list to the corresponding location upon the Query-Lists-Bin, sets 
its "ref-array" attribute equal to the name of such array, and sets its "ref-component-class" attribute 
equal to the " re f-com pon en t-cl ass" attribute of such array; 
then, for each of those lists and for each bioEntity of the subclass named by the 
"ref-component-class" of such list, it calls the find-named -bioenhties-with-cornponent-prcx 
(Tablell2) which in turn, if such bioEntity has a name it directly calls for such bioEntity the 
procedure that follows, otherwise it calls first the find-named-bioenttty-proc (Table 113) to scan the 
hierarchy of bioEntities superior to such bioEntity, until one is found with a name, in which case, it 
now calls for the named bioEntity the procedure that follows: 

the seek-bioentity-copies-proc (Table 114), inserts the argument bioEntity in such list, and then scans 
the application for any copy of such bioEntity, and if any is found then it loops back for such 
bioEntity by calling the find -nam ed-bioentities-with-component-proc (Table 112) mentioned above, 
which will repeat the cycle back to this procedure, as described, until the various loops for each 
bioEntity of every list are completed. 

When this process is completed, the list for each bioEntity subclass contains, with no duplicated 
elements, all the named bioEnnties that contain one such bioEntity, either directly or by reference. 
To give an example, that means that if a named protein instance-A contains a protein-motif 
instance-B, then every named protein complex-ins tance-C that contains an unnamed copy of ■-• 
instance-A (which does not itself contain a copy of instance-B, but rather points to its ; 
master-bioEntity, instance-A, which contains instance-B) will also be included in the list of all 
bioEntities that contain a protein-motif. After all such lists are completed, it calls the following 
procedures: 

the complete-query-table-proc (Table 115) simply transfer the values of the elements from each of 
those lists to their corresponding arrays, by fist setting the length of the array to match the the' ^ 
length of the list and then setting the text of the initial-values attribute of each array to equal a 
text string that mentions all elements of the list separated by commas, as illustrated in the example 
listed in Table 116, which shows a pair of corresponding instances of a query-list and a query-array 
of the subclass sup-et-array, which list named instances of bioEntities that contain an a-helix-motif, 
which in this small demo application consists only of a few master-structures from the library. In 
the table of attributes listed, the initial-values attributes is displayed, and the list of elements of 
either the list or the array can be displayed by selecting the "describe" option of their menus, 
the create-auxiliary-query-arrays-proc (Table 117) adds a few empty arrays corresponding to the 
no-selection options of each query panel, which are simply programming aids 
and to conclude it deactivates and activates again the subworkspace of the Query-Arrays-Bin for the 
purpose of initializing the query-arrays upon activation, which means that the elements of the 
array take the values given by the set initial values. 

The "Icons Init" button calls the init-icons-callback (Table 118), which function is not essential for 
the functioning of this system, but which provides a very useful cosmetic function, by realigning the 
tracers in the subworkspaces of bioReservoirs and bioProcesses and making their connections 
invisible. Selection of this button is not necessary every time the application is started, and it can be 
selected any time thereafter, when problems are detected, in any mode other than Simulation Mode 
(where those subworkspaces may be deactivated). The same effect is achieved for individual 
bioReservoirs or bioProcesses by slightly moving and repositioning their bioPool or bioEngine, 
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respectively, which triggers their respective icon-movement rules, as defined in Table 79, which 
also apply to repositioning the bioRole-posts any time a bioReactant or bioProduct is moved. 

• Selecting the "Init All" button calls all-init-callback (Table 118b), which in turn calls the alt the 
initialization procedures mentioned above, and selecting the "Hide" button calls the 
hide-workspace-callback, which hides this Panel. 

c) Navigation 

• In this invention, navigation refer to the domain-specific tasks of displaying and hiding either 
related bioObjects or their subworkspaces. The concept of related object include various types of 
associations, including some that are permanently stored in the knowledge base, as defined by either 
graphic or distant connections, or containment in subworkspaces at any level in the hierarchy, and 
some that are transient such as relations, which are established and may be broken at run-time (note 
that in the system of this invention it is also possible to store run-time versions or snap-shots of the 
application, which also include transient objects, such as relations). Navigation tasks may may be 
performed in any mode, but Navigation Mode has that name because the behavior of certain object 
classes, including the classes bioReservoir, bioProcess, and complex-bioEntity, is restricted to do just 
that. This means that a navigation task is automatically performed upon clicking on the instances of 
any such classes, instead of displaying a menu with various other options as well, and therefore all 
those other tasks offered by the other options are not available in this mode. Therefore, a user in 
Modeler or General Mode may want to quickly switch to Navigation Mode when intending to do just 
that, because it is much faster, for example when exploring and navigating through the pathways, 
and then switch back to the other mode to perform other tasks. Navigation tasks are usually 
simplified, in the following discussion and elsewhere in this filing, by expressions like "selection of 
A starts proc-B which displays C", but in reality these, processes do more than that in this invention: 
selection of A invokes proc-B which takes as arguments A (the item) and the current window, and 
causes C to be either displayed or hidden on the current window, depending on the value of the 
"toggle-state" attribute of A, and in addition, the icon appearance of A is configured, switching 
between its pressed or depressed configuration, respectively, and the value of the "toggle-state" 
attribute of A is alternated between on and off. In such cases, A may be either a button or any of the 
bioObjects that has a subworkspace, which in this regard behave similarly. 

• FIG.30 will be described to summarize some of those navigation tasks when in Navigation Mode, 
while also referring to the definitions of the methods involved listed in the Appendix. Note that 
any navigation task that is directly performed in this mode, may be performed in any other mode as 
well, but depending on the previously defined class restrictions for each mode, they may have to be 
selected from the menu instead, requiring two steps rather than one. Selecting any bioProcess in 
Navigation Mode implies selecting its "details" option which starts the details-bp-proc (Table 120) 
which displays its subworkspace, in the same way that selecting any bioReservoir implies selecting 
its "details" option which starts the details-br-proc (Table 121), resulting in the subworkspace of 
the bioReservoir being displayed or hidden, depending on whether the value of the "toggle-state" of 
the bioReservoir is hide or show, respectively. With both procedures, the icons of the tracers on the 
corresponding subworkspace are restored to their default relative positions before such subworkspace 
is displayed. 

• Note that when selecting the "details" option of any bioProcess that has a master-bioprocess but has 
no subworkspace, conditions which when combined are characteristic of a copy bioProcess used in the 
creation of Pathways, causes such first procedure to call the bp-master-details-proc (Table 120) 
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which in this case displays or hides the subworkspace of the original (master) bioProcess, in 
addition to configuring the icons of both the original and the copy bioProcess to their pressed or 
depressed appearance, respectively. In a similar way, when selecting the "details" option of any 
bioReservoir that has a master-bioReservoir but has no subworkspace, characteristic of a copy 
bioReservoir, causes the first procedure to call the br-master-details-proc (Table 121) which in this 
case displays or hides the subworkspace of the original bioReservoir, in addition to configuring the 
icons of both the original and the copy bioReservoirs to their pressed or depressed appearance, 
respectively. 

• BioEngines do not have subworkspaces by default, by the modeler can create one, as described, to 
store tabular functions. In such cases, a "show-sw" option is available, and selecting such bioEngines 
in Navigation Mode implies "show-sw", which starts the show-bioengine-sw-proc which displays 
or hides its subworkspace (not shown) and toggles the configuration of its icon. 

• The behavior of complex-bioEntities in Navigation Mode is similar, as shown in FIG.18, where 
selecting any bioEnOty (1808, 1813, 1815, 1817, 1819, or 1821) implies selecting the "details" option 
which starts the et-details-proc (Table 122) which displays or hides its subworkspace (1809, 1810, 
1816, 1818, 1820, or 1822, respectively) and toggles the con6guration of its icon. The combination of 
this option with the go-to-sup-obj-button (1825) upon each subworkspace allows to navigate up and 
down in their workspace hierarchies. 

• Selecting any bioProduct-post (711) or any bioReactant-post (703), in General, Navigation, or 
Simulation Modes, implies selecting its "show-br" option which starts the rolepost-show-br-proc 
fTable 123) which displays the subworkspace (714 or 705) of the bioReservoir named by their 
"ref-bioreservoir" attribute. Similarly, selecting any bioPool-r-post (704) or any bioPooi-p-pcst 
(712) implies selecting its "show-bp" option which starts the poolpbst-show-bp-proc (fable 124) 
which displays the subworkspace (402) of the bioProcess named by its "ref-bioprocess" attribute. 
This option is only available in the menu when the bioPool-post has a name. Selecting the 
go-to-sup-obj-button (with triangle) on the subworkspaces of each bioObject displays its superior 
object, while selecting the hide-sup- ws-button (with cross) hides its workspace . The combination of 
those capabilities allow to follow all the distant connections through the pathways of 
bioReservoirs and bioProcesses, and also up and down in their workspace hierarchies. 

• Selecting any model-box (511, 516, or 517) in General, Navigation, and Simulation Modes, implies 
selecting its "show-sw" option, available only if the model-box, which starts the 
show-model-box-sw-proc which displays or hides its subworkspace and toggles the configuration of 
its icon. This option is used to access the model-block upon that subworkspace. 

• Other important navigation task performed through the menu in any mode, include the "bioentity" 
option (Table 125) appears in the menus of bioReservoirs, bioReactants and bioProducts only when 
the "ref-bioentity" attribute of the bioReservoir has a value different from the default value of 
none, and upon selection of this option by the user, or hides, depending on whether the initial value 
of the toggle-state attribute of the bioReservoir is hide or show, respectively, the subworkspace of 
the bioEntiry named by said ref-bioentity attribute. Note that the "ref-bioentity" attribute is 
defined only for the class bioReservoir, for storage economy, and the menu options of bioReactants 
and bioProducts refer to that attribute when connected. However, this attribute can be defined for 
those other classes as well, allowing access to a bioEntity independently of a bioReservoir. 

d) Structure Related Queries 
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• There are two major groups of Queries: a General-Query is based only on structure and is application 
wide, while a BR-Query is in reference to the bioReservoir from which it was initiated, to be 
described below in more detail. The Query Panels are built hierarchically, with each radio-button 
from the first Selection Panel leading to another more specific Query Panel, where now the user can 
compose a selection and then initiate the Query. Note that the word Panel is frequently used in a 
more general sense to refer to the subworkspace of an instance of the class query-panel. 

• A General-Query may be requested by selecting from the "Panels" menu head the "Structure Queries" 
option which calls the neate-general-structure-selection-panel-callback (Table 127), which in turn 
clones the Master-General-Structure-Query-Panel, stores it in the Temporary-Panel-Bin, configures 
its radio-box with the aid of the set-radio-box-id-proc {Table 128) and displays its subworkspace. 
The user may now use such Panel to select any radio-button from its radio-box, which calls the 
select-general-stnjchire-selection-panel-callback (Table 129) with such button as one of its 
arguments, which in turn: a) gets the value of the radio-button selected, and depending on the value 
of the "on-value" attribute of such button, clones the corresponding master-panel, then calls the 
create-general-query-panel-proc (Table 130) with such value and the new panel among its 
arguments, which in turn completes such panel by scanning the panel for the presence of specifically 
labeled radio-boxes (related sets of radio-buttons) and configuring the radio-boxes with the 
set-radio-box-id-proc (Table 128), and b) displays the subworkspace of the new panel. 

• The user may now use that Query Panel to select any combination of one radio-button per radio-box 
and then selecting the "Query" button calls the query-general-structure-callback (Table 131), which 
in turn calls first the query-general-structure-proc (Table 132), which scans such panel for the 
presence of specifically labeled radio-boxes and then calls find-sperific-array-proc (Table 133), 
with such label as one of its arguments, to find the value of the selected radio-button and the 
matching array within the Query-Arrays-Bin (those arrays are created during the Query 
Initialization process, as described in the Initialization section above). An auxiliary scroll-text-list 
is created and, if only one radio-box is present in the Query Panel, then the elements of the 
corresponding array are transferred to such list. If two radio-boxes are present in the Query Panel, 
then two such arrays should be found, in which case the merge-two-structure-Iists-proc (Table 134) is 
called, which scans those arrays to find the common elements, which are transferred to such , 
scroll-text-list. An specific text-string is developed to include references to the selected options and 
to the outcome of the search, which is then given as a value to a free-text structure which is 
displayed as a heading for the results of the search. The callback calls then the 
create-general-query-output-panel-proc (Table 135) with such scroll-text-list and free-text among its 
arguments, which creates an output panel by cloning the Master-Molecular-Query-Output-Panel, 
then creates a scroll-area to display the elements of such scroll-text-list, and transfers to the 
subworkspace of such output panel both the free-text and the scroll-area listing the results of the 
search, which is them displayed. The user can now use such scroll-area to interactively display or 
hide the structure of any number of bioEntities named by the options listed, as described below. * 

e) Pathway Related Queries 

• FIG.30 illustrates an example of one of the several types of predefined Pathway Related Queries 
that the user can perform by just selecting the desired buttons from the options offered in the panels. 
All the searches generated from this type of panels include bioReservoirs located anywhere within 
the pathways that are either upstream or downstream, depending on the selection, of such initial 
bioReservoir, and also the bioEntities referred to by any of those bioReservoirs. Those upstream or 
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downstream queries can be further restricted by the type of roles that those bioReservoirs play in 
different bioProcesses, as denned by the major classes of bioReactants to which their bioPooIs are 
distantly connected, which is referred here as function-related search. In complex queries of mixed 
type, such bioEntities can be further restricted to those containing any particular component, similar 
to the Structure Related Queries described above. In such cases, the methods pertinent to the 
pathway search are applied first to generate the pathway-related set, followed by the function 
search, which is applied only to the pathway-related set and generates the function-related set 
and finally the structure search, which is applied only to the function-related set, or to the 
pathway-related set if no function search has been selected, and generates the structure-related set. 
The structure search applies only to the bioEntities for the purpose of displaying the results, in the 
sense that all bioReservoirs that meet the selected pathway, and optionally function, requirements 
are listed in the scroll-area listing the bioReservoirs, regardless of whether they meet any of the 
bioEntity related criteria. This implementation is currently preferred because the "ref-bioentity" of 
a bioReservoir is an optional attribute, and it is expected that many of the bioReservoirs will not 
have a corresponding defined bioEntity. This alternative provides a more complete search in terms 
of relative position and function of bioReservoirs, without being influenced by the implementation of 
an option. 

• These types of Query may be requested in two different ways: a) from a bioReservoir (3001) by 
selecting from its menu (3002) the "query panels" option (3003); or b) from the subworkspace a 
bioReservoir by selecting the query-tracer (1325) connected to the bioPooI. A query-tracer is a 
subclass of list-tracer (Table 30) which selection implies selecting the tracer's "show" option. Each 
of those options starts the create-br-related-selection-panel-callback (Table 138), which creates a 
clone of Master-BR-Molecular-Query-Panel, configures it, and displays its subworkspace (3004), the 
Pathway Query Selection Panel. Configuring this panel and any other panel that follows during the 
processing of br-related queries always includes to set the value of the "related-item" attribute of 
the panel equal to the name of the bioReservoir from which the query was initiated, and this name 
is passed along when a new panel is originated from such panel. That is, any callback invoked from 
a button of a panel, takes the name of the bioReservoir from the "related-item" of the panel upon 
which subworkspace it is located, and passes that name as an argument when calling other 
procedures. 

• The user may now use that Pathway Query Selection Panel to select any radio-button (3005) from its 
radio-box, which calls the select-br-related-query-panel-callback (Table 139) with such button as 
one of its arguments, which in turn: a) gets the value of the radio-button selected, and depending on 
the value of the "on-value" attribute of such button, clones the corresponding master-panel, then 
calls the set-br-related-query-panel-proc (Table 140) with such value and the new panel among its 
arguments, which in turn configures and completes such panel with the set-radio-box -ld-proc (Table 
128), and displays the subworkspace (3006) of the new panel, a Pathway Query Panel. This panel is 
composed of: a) the title (3022) which specifies the type of search being made from that panel and 
names the bioReservoir (3023) that is the point of reference for the search; b) the set of radio-buttons 
(3024) of the radio-box labeled "direction", defining the two possible alternatives; c) the set of 
radio-buttons (3025) of the radio-box labeled "function", which defines the possible alternatives 
available for function, which in this case we only show a small but important subset that is of high 
relevance to scientists; d) the set of radio-buttons (3026) of the radio-box labeled "motifs", which 
defines the possible alternatives available for subclasses of protein-motif. Many other possible sets 
of radio-buttons, such as those of the radio-box labeled "location", which defines the possible 
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alternatives available for subcellular compartments, are not shown. 

• The user may now use that Pathway Query Panel to select any combination of one radio-button per 
radio-box. Selecting the "Upstream" option (3007) calls the upstream-query-lists-callback which in 
turn calls the upstr eam-function-query-lists-proc. Selecting the "Downstream " option calls the 
downstream-query-lists-callback (Table 141) and then the downstream-function-query-lists-proc 
(Table 142), which do the following: a) it first calls repeatedly the create-br-q'uery-Iist-proc (Table 
143) to create a set of two lists per each predefined type of function, one to contain names of 
bioReservoirs and the other the names of bioEntities; b) then, it loops over all bioReservoirs that 
are upstream (or downstream) and scans for their connections to certain classes of bioReactants, 
which define their function, and enters their name in the corresponding one of those bioReservoirs 
lists, for example, if the bioPool of a bioReservoir is connected to both a kinase.r and a 
transcription-factor .r, then the name of such bioReservoir will be added to each of the two 
corresponding lists, so that a bioReservoir may be named in more than one function list but is not 
duplicated within one single list; and c) for each pair of one of those bioReservoirs lists and its 
corresponding bioEntities list, it calls the fill-br.et-list-proc (Table 144) which scans all the 
bioReservoirs in the fist list for the value of their "ref-bioentity" attribute, which if available is 
added to the second list. All those lists, to be used by the procedures described below, are associated 
by a relation to the panel from which they are created, are valid only for the bioReservoir giving 
the related-item of that panel, and are deleted when the panel is deleted. 

• The user can now select any combination of one radio-button per radio-box, such as receptors (3008) 
and 8-strand-motif (3009), and then select the "Query" button (3010) to complete the processing and 
display the results of the query; The processing from the "direction'' button is independent and 
previous to the processing from the "Query" button, and if the user selects the "Query" button before 
the "direction" button, then processing cannot ocurre, because the lists do not exist, and an error 
message is displayed to the user to that effect. Selecting the "Query" button calls the 
query-br-related-callback (Table 145), which first obtains the values of the selected radio-buttons of 
the "direction" (3024) and "function" (3025) radio-boxes, and then calls the get-br-function-list-proc 
(Table 146) with those values among its arguments, which uses those values to obtain and return the 
corresponding set of two lists from the bioReservoirs lists and bioEntities lists created and rilled in 
the previous processing, as discussed above. Such bioReservoirs list is going to be used to directly 
pass its values to the bioReservoirs scroll-area for final display, while such bioEntities list is going 
to be used as the basis for the complex further processing that follows. 

• The callback scans now the Panel to find whether there are structure related radio-boxes, such as the 
"domains" radio-box in this example, in which case it calls the query-br-structure-lists-proc (Table 
147) with those previous values and the bioEntities list among its arguments, which does a complex 
processing as following: a) it finds the label of such structure related radio-box(es) and calls 
find-specific-array-proc (Table 133) to find the value of the selected radio-button for such box(es), 
such as fi-strand-motif (3309), and its matching array(s) in the Query-Arrays-Bin (as described 
above in the Structure Related Queries section); b) if there is only one structure related radio-box, 
like in FIG30, then it calls merge-br-function-strucrure-proc (Table.148), or if there are two structure 
related radio-boxes it calls merge-br-function-structure-structure-proc (Table 149), passing among its 
arguments the values of all selected radio-buttons, as well as the corresponding bioEntities list filled 
earlier, and the array(s) now found. These procedures create a new list, the bioEntities 
scroll-text-list, and then, taking into consideration the type and value of the arguments: a) they 
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select a text specific for each situation, to be displayed as a title for the results, b) they call the 
br-fill-etl-list-proc (Table 150) or the the br-fill-double-etl-list-proc (Table 151), which enter the 
common elements of both the bioEntities list and the array(s) in the scroll-text-list, and c) they 
return the text and the scroll-text-list to the previous procedure from which they where invoked, 
which in turn returns them to the callback, 

• The callback passes such text to a free-text structure, and finally calls the 
create-double-query-output-panel-proc (Table 152) with the bioReservoirs list mentioned in 
paragraph 0, the bioEntities scroll-text-list, and their two corresponding free-texts among its 
arguments, which creates an output panel by cloning the Master-Molecular-Query-Output-Panel and 
stores it in the Temporary-Panel-Bin, then transfers the two free-texts to it, creates two scroll-areas 
to display the elements of each of those lists in a scrollable and interactive format, and calls the 
complete-br-panel-proc and complete-br-panel-proc (Table 152), which configure those scroll-areas 
and transfers them to the subworkspace, which is them displayed (3011). 

• The user can now use the Pathway Query Output Panel (3011) so created to scroll through the lists 
bioReservoirs and bioEntities that are the output of the query. Selecting and unselecting any option 
of such scroll-areas allows to interactively display or hide subworkspace of the named structure by 
calling the query-message- selection-proc or the query-message-unselection-proc (Table 136). Each of 
the titles (3012) are directly related to the scroll-area below them and vary with the results of each 
part of the search, and they may omit naming those groups of buttons where not selection was made, 
or indicate that some search or part of the search was empty. The scroll-area (3013) on the top 
shows the bioReservoirs that meet the direction and function requirements, which are those named 
by the options listed, and selecting any of its options (3014) displays the subworkspace ,(3015) of the 
named bioReservoir. The scroll-area (3017) on the bottom shows the bioEntities that meet the 
combination of direction, function and structure requirements, as selected, which are those named by 
the options listed, and selecting any option (3018) displays the subworkspace (3019) of the named 
bioEntity. Those structures displayed can be used to navigate in any way previously described, , 
including up and down the pathways from bioReservoirs (3015) to bioProcesses (3016) and soon, from 
bioReservoirs or bioReactants or bioProducts to their bioEntities as shown in FIG30, or up and down 
the workspace hierarchies (3020, 3021), by combining the variety of tools and methods previously 
described. As before, all the Pathway Query Selection Panels, Pathway Query Panels, and ■ 
Pathway Query Output Panels are dynamically created and transient, and when the search is 
completed they are no longer needed and they are deleted, as well as their associated lists, by 
selecting the "Delete" button (3309), which calls the delete-query-panel-callback. 

• More complex queries can be performed with an additional Master-BR-Moiecular-Query-Panel with 
four additional options, to include queries previously described in combination with an additional 
constraint criteria, the location of the bioReservoirs selected by the previous criteria within the 
different cell compartments. Selection of any of those new options displays the corresponding Query 
Panel, and in this new set of Panels, the "Downstream" and "Upstream" radio buttons are associated 
instead with the downstream-function-location-callback (Table 153) and 
upstream-function-location-callback, respectively, which call the 

downstream-location-query-lists-proc (Table 154) or its upstream equivalent. Those procedures in 
turn call some of the procedures previously described and also call the find-compartment-proc ( Table 
155). The user may additionally select any combination of one radio-button each from the 
radio-boxes offered in each particular panel, and then selecting the "Query'' button now calls the 
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query-br-related-location-callback (Table 156), which in turn, depending on the boxes available on 
the particular Panel, calls one of an alternative set of procedures, which in turn call other 
procedures, as specified. The reader is further referred to the listings in Tables 157 through 169 for 
the details of such complex processing that is difficult to describe, and which uses a similar 
approach and methods as those previous described to create a new set of lists and to merge lists with 
bioReservoirs meeting the different criteria. 

• The underlaying shell loads the desired application modules on memory for run time operations, but 
it is able to merge and remove modules while the system is running. Since the inference engine's 
reasoning and search space is limited to those modules that are loaded, it is necessary to create a 
mechanism to allow for searches in modules that are not yet loaded on memory. This is 
accomplished by maintaining in the repository module an object, called the query-arrays-bin, which 
holds in its subworkspace a set of item-arrays for intelligent dynamic merging and removal of the 
modules required at particular times, particularly when searching through the bioEntity-module 
and In order to allow for searches in a modularized application. Those contained-in-module arrays 
are built following similar methods as those described here for bioModels. The difference is that a 
new set of relation is defined, of the series -contained-in-module, and an initialization procedure 
that loops over all the workspaces of each loaded module, finding out the value of their 
assigned-module, and then looping over all the bioModel Libraries upon each workspace, and over 
all the bioModels upon each bioModel Library, and the continuing with the methods described in the 
previous section. 

f ) Interactive Lists and Pathways 

• In addition to the various query methods previously described, this invention provides several other 
tools and methods to enable the user to extract the knowledge build entered into the system by the 
modeler, in addition to the new knowledge created by applying the methods of this invention to 
analyze and integrate the knowledge provided by the modeler. 

• One of those capabilities is provided by means of the "list copies" menu option (625) denned for the 
class complex-bioEntity, which upon selection calls the et-list-copies-callback (Table 170), which 
creates a scroll-text-list and then calls the list-local-bioentities-copies-proc (Table 171), which in 
turn scans all the bioEnnties of the same major subclass as the one bioEntity from which the request 
originated to find if the master-bioentity of any of then matches the name of such bioEntity, in 
which case the value of the "id" attribute of each of those copies is added to the list. If there is any 
element in that list, then the callback creates an Output Panel by cloning the 
Master-Local-Bioentity-Copy-Panel, creates a specific title and a scroll-area, which are then 
added to the Panel and configured, and finally the Panel is displayed. This Panel looks like the 
Query Output Panel (3011) discussed above, with a different title. Selecting and unselecting any 
option of such scroll-area call et-copies-message-selection-proc or the 
et-copies-message-unselection-proc (Table 172) which interactively display or hide the 
subworkspace of the structures referred to by their "id", rather than by name. This also provides an 
example of how, in general, instances of bioEnnties as well as bioReservoirs, bioProcesses and 
bioModels, or any other structure, can be referred to by the value of any attribute, rather than by 
their names, which have to be unique and sometimes inconvenient, but they can be avoided. 
Referring to attributes, defined for such or any other purpose, also allows to refer to groups of 
instances within a class, without having to refer to each individual member of the group. 

• Another novel teaching of this invention is the capability of creating lists of downstream and 
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upstream bioReservoirs and bioProcesses. By selecting the icon of any of those lists, the user can 

display on a workspace the elements of that list, which are pointers to all the bioReservoirs or 

bioProcesses that meet the criteria set for each specific list, and each pointer further allows to 

either display the table of attributes of such object, or displays the object itself upon its workspace, 

as described in more detail later (FIG.34). Navigation can be now initiated from those objects as 

well as any other tasks described in this invention. This capability is accessible through the "show 

lists" options from the menus of bioReservoirs (3023) and bioProcesses (3103), which appear in the 

menus only when they are named and their subworkspaces are activated, as well as from the 

list-tracers in their subworkspaces, as described below. 

• As illustrated in FIGs. 30 and 31, chaining-tracers (Table 30) are iconic programmed objects connected 
(3030) to a bioPool, or to a bioEngine (3105), where they are used to control the dynamic creation and 
display at run-time of a set of such lists of either bioReservoirs or bioProcesses that are either 
upstream or downstream of the bipReservoir upon which subworkspace such list-tracer is located. 
The "show" option (Table 31) is denned for the class list-tracer and is inherited by all its subclasses, 
including BR-chaining-tracer and BP-chaining-tracer. Selecting any such list-tracer by the user 
implies "show", which starts the list-tracer-handler-proc (Table 31), which configures the buttons 
and depending on the subclass of list-tracer, calls either the BR-chaining-proc (Table 173, also 
started upon selection of the "show lists" option of the bioReservoir), or the BP-chaining-proc 
(Table 174, also started upon selection of the "show lists" option of the bioProcess). The major actions 
performed by both of these procedures comprise: a) if the list-tracer already has a subworkspace, 
then it is displayed with its contents, otherwise a subworkspace for the BR-chaining-tracer or 
BP-chaining-tracer, respectively, is created by cloning the subworkspace of the prebuilt master 
structures BR-Chaining-Lists or BP-Chairting-lists, respectively, which in both cases contain two 
sets of four predefined lists each, one set (3107) is meant to be used in any user mode, while the second 
set (3108) is to be used in simulation mode and contain elements from the first set that have been - 
activated as a result of their inclusion in a simulation model (to be described in below), and then such 
lists are displayed; and b) those lists are populated having as point of reference the bioReservoir or 
bioProcess from which they were requested, by using for each list of the set the following criteria: 
the elements of DBPL and SDBPL are downstream bioProcesses, the elements of UBPL and SUBPL 
are upstream bioProcesses, the elements of DBRL and SDBRL are downstream bioReservoirs, and the 
elements of UBRL and UDBRL are upstream bioReservoirs. 

• A further novel teaching of this invention is the capability to dynamically generate displays of 
interactive pathways, where these pathways comprise a chain of downstream, or upstream, 
bioReservoirs or bioProcesses or both, orderly arranged in a graphic format with connections drawn 
between them to indicate those that are adjacent. By visually following those connections, the user 
can follow the pathways that indicate a dependency relationship between those bioReservoirs or 
bioProcesses or both. The capability to display interactive downstream pathways is accessible from 
several different types of structures: a) from an individual bioProcess, in which case such bioProcess 
is the point of reference; b) from a Simulation Panel (to be discussed in conjunction with FIG33), in 
which case a bioReservoir is the point of reference; and c) from an Experiment Panel (to be discussed 
in conjunction with FIG .35), in which case one or more bioReservoirs are the points of reference 

• As illustrated in FIG.31, now we will refer to accessing such capability from an individual 
bioProcess, or from icons in its subworkspace that have such specific functions, to display either 
upstream or downstream pathways, and in either case the bioProcess is the point of reference. 
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Up-path-tracer and down-path-tracer are iconic objects (Table 28) located upon the subworkspace of 
a bioProcess (3110 and 3117), where they are used to control the dynamic creation at run-time of a 
graphic display of such interactive upstream or downstream pathway, respectively, from the 
bioProcess from which it was requested- The "show" option starts the path-tracer-handler-proc 
(Table 29), which depending on the subclass of path-tracer calls either the draw-up-pathway-proc 
(Table 175, also started from the "up pathway" option (3109 from the bioProcess) or the 
draw-down-pathway-proc (simitar to the one above but downwards, also started from the "down 
pathway" option (3116) of the bioProcess. The major actions performed by each of these procedures 
comprise: 

a) it creates a subworkspace here called a Upstream Pathway Display for the up-path-tracer (3110) 
by cloning the subworkspace of Master-Up-Pathway, which contains a set of prebuilt auxiliary 
structures. The text of the title (3111) is changed to refer to such bioProcess. The x-pos and y-pos 
(3112) are two integer-parameters (Table 3) used to keep track of the most distant bioProcess added 
to the Display and which: i) are used by the program to compute the position of the next bioProcess 
to be added, after which their values are updated, ii) are used by the program to be compared to 
denned threshold values that, when reached as the display dynamically grows, trigger a reduction 
in the size of the display, and iii) may be used also by the user to read the size of the Display, — 
which may in occasion get very large, by observing their value as displayed in digital form. The set 
of resize buttons (3113) allow the user to resize the Display at will, offering the options of full, . 
three-quarter, half, and one-quarter scale. o. 

b) it creates a copy of such bioProcess, by cloning it and deleting its workspace, and then transfers the 
copy to the Pathway Display at a specified position (3114), and displays the Pathway Display on 
the window from which it was invoked; and 

c) it calls the create-local-up-bp-proc (Table 176) with such original bioProcess and its copy among 
its arguments, which in turn for each bioReservoir that is an-up-bioReservoir-of the original 
bioProcess finds each up bioProcess that is an-up-bioProcess-of such bioReservoir and then for each 
such up bioProcess: i) if a copy of such up bioProcess already exists upon the Display then it proceeds 
to iv, otherwise it creates a copy of such up (or down) bioProcess, by cloning it and deleting its 
workspace, ii) it computes a new value for x-pos and y-pos, iii) it transfers the copy to the Pathway 
Display at the new specified position (3615), iv) it creates a connection between random locations at 
the icon of such new (or existing) copy and the icon of the copy that is an argument of this invocation 
of the procedure, and v) it calls itself (Table 176), but now with such up bioProcess and its copy 
among its arguments. Each of these procedures keeps looping and calling itself until all upstream 
bioProcesses have been processed, and their copies added to the Display and connected. The 
an-up-bioReservoir-of and a-down-bioProcess-of, as well as the a-down-bioReservoir-of and 
an-up-bioProcess-of, are inverse relations, as previously denned (Table 75), which were established 
during initialization (Table 100) between appropriate pairs of a bioReservoir and a bioProcess each. 
A similar set of procedures is used to display the downstream pathways from the down-path-tracer. 

• FIG.31 illustrates short examples of Upstream Pathway Display (3110) and Downstream Pathway 
Display (3118). The connections are directional, with the directions of the connections above the 
bioProcesses indicating the direction of material flows, that is from the one that is upstream to the 
one that is downstream in relation to each other. The directions of the connections below the 
bioProcesses always show the right to left direction as a result of the next copy being one that 
already existed in the display, such as those connections that revert to 3119 from other posterior 
copies. Those pathways are interactive, and selecting the "details" option (Table 120) of any of the 
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icons, or changing to Navigation Mode and selecting the icons (3119, 3121), displays the 
subworkspaces (3120, 3122) of the originals of those copies, which allow further access to any of the 
navigation (3123) and all other capabilities associated with their iconic components, as described 
throughout the description of this invention, and allowing further access to possibly distant parts of 
the application. 

• Pathways with only bioReservoirs (not shown), or pathways with alternating bioReservoirs and 
bioProcesses (not shown) can be created with similar methods, using only minor modifications. In this 
invention the pathways with bioProcesses are preferred because the provide the most information 
about the interactions within the space constrains, while the connected bioReservoirs can be accessed 
by just clicking on two icons. Mixed pathways may become very large. 

g) Navigation Panel 

• An interface and methods are provided to constraint all the capabilities provided in regard to 
navigation and display of pathways, to limit the scope of the search to an space selected by the user 
based on the different levels of compartmentalizabon. This feature can be accessed through: a) a 
Navigation Panel, which can be requested from each bioReservoir and is dynamically created with 
the bioReservoir as the reference point; or b) an Experiment Panel. The Navigation Panel is to be 
used in General Mode, and is not available in Simulation Mode, since the methods do not activate 
the subworkspaces of the selected structures, as do those associated with the Simulation Mode, 
described below. 

• As shown in FIG.32, selecting the "navig-panel" option (3203) from a bioReservoir (3201) calls the 
create-direction-panel-callback (Table 177) which displays a Selection Panel (3204). Selecting now 
the Upstream radio button calls the select-direction-callback (Table 178), which in this case further 
calls the create-upstream-navig-panel-callback (similar to Table 179), which calls the 
navig-create-upstream-lists-proc (similar to Table 180), which creates two lists with all of its 
upstream bioReservoirs and bioProcesses, and the complete-navig-panel-callback (Table 186), which 
creates a Navigation Panel (3205) containing a scroll-area (3202) already configured to list all the 
possible levels of bioModels, the compartments within the Virtual Model, in which such 
bioReservoir or all of its upstream bioProcesses are contained. The user now has to select the desired 
scope of the search space by selecting one of those bioModels. By selecting for example in this case 
the cytosol of the Go phase of a fibroblast (3202) and then selecting the LIST button (3207) calls the 
list-navigation-UBP-callback (similar to Table 181), which creates new lists and calls the 
navig-read-up-scroil-proc (similar to Table 182) to populate the new lists, displayed on the Panel 
(3208), with the members of the previous upstream lists that are contained in such bioModel (and all 
its encapsulated compartments). Those lists display the number of elements it contains, alerting the 
user about the potential size of the resulting pathway, and if too large or too small the operation can 
be reset and a different bioModel, lower or higher in the hierarchy, can be selected. Selecting any of 
those lists (3208) displays (3209) its members, and selecting any of those members (3202) allows 
direct access to the named bioObject (3210) on its original bioModel (3211), and displaying its details 
(3212) allows to further interactively navigate through the upstream or downstream pathways of 
such particular bioObject. 

• The user can now select the PATHWAY button (3213), which calls the navig-draw-UBP<allback 
(similar to Table 183), which calls the navig-create-local-UBP-callback (similar to Table 184) to 
create a navig-path-tracer, by cloning a master structure which subworkspace is partially built, 
which is transferred to the Panel (3214) and its subworkspace is displayed and further configured by 
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calling the navig-create-local-UBP-callback (similar to Table 184), which actions are similar to 
those previously discussed in reference to FIG31, resulting in the display of the selected pathway 
(3215). By selecting any of those bioProcesses (3216) and displaying its details (3217) allows to 
further interactively navigate through the upstream or downstream pathways of such particular 
bioProcess. Selecting the RESET button calls the reset-navigation<allback (Table 187) which 
destroys the lists and the navig-path-tracer upon the Panel, enabling the selection of a different 
bioModel and repeat the process, and selecting the DELETE button deletes or recycles the Panel. 

4. Simulation Mode: Simulating the Virtual Models 

a) Initialization 

• The Simulation Mode can be restricted to any desired set of individual users, by packaging the 
application accordingly. The domain-menu comprise the heads: "Pathway Libraries" and * Panels", 
and allows also changing between user modes. Before a simulation can be run, the application must be 
appropriately initialized for such purpose. This is accomplished by accessing the "Panels" menu and 
selecting the "Initialization Panel" option, which displays the Initialization Panel. 

• Initialization is necessary only if the application has been started or reset, or if additions or changes 
have been made in the part of the application to be simulated since the last Initialization. The 
"Add Simul" button is to be selected only after the "Navig Init" was been successfully concluded. If 
changes to the database have been made by the modeler since the "Navig Init" was last concluded, 
or if the application has been restarted, then the "Simul Init" button should be selected, since it 
comprises the methods of the other two. The common purpose of both buttons is to scan the 
application for the availability of certain values of the bioReservoirs that define the initial 
conditions required by the simulation, and if those values have not been provided by the modeler, to 
infer those values from other values provided by the modeler, and if none of the alternative source of 
values are available, either default values will be used, including symbolic approximations, or, 
depending on the attribute which value is missing, to send messages to the user to provide any of the 
alternative values and also to provide messages to the to be used any time that the user request a 
predefined query that involves that kind of knowledge. 

• Selecting the "Add Simul" button calls the add-simul-callback, which in turn calls the 
simul-init-proc (Table 188), while selecting the "Simul Init" button calls the simul-init-callback 
(Table 188), which differs in that it first calls the navig-init-proc (Table 99), before calling the 
simul-init-proc (Table 188), which in turn does the following: 

a) it calls the send-no-input-messages-proc (Table 188) which scans the loaded application for every 
bioReservoir that has a name but that has no inputs, either in the form of bioProcesses connected to 
its biopool-p-posts, or as input model-blocks connected to its bioPool, and it sends a message to the 
user for each of those bioReservoirs found with no inputs, as a warning for the user to take 
appropriated measures if those bioReservoirs are to be involved in a simulation. The simulation 
proceeds also without those values, since inputs can also be provided through the Simulation Panel 
as user inputs, or otherwise the quantity of such bioPool will initially be whatever value the 
modeler has set or the program will set for the basal-quantity parameter used, or its default value, 
and it may or may not be exhausted during the simulation run; 

b) it creates a set of four lists, which are transferred to the Initialization Panel, and which are 
provided to inform the user about the source of the values for the Scaling-Density attribute of each 
bioPool, by adding the name of each bioReservoir to one of those lists, which elements that meet the 
following criteria: i) the list labeled UNList contains all bioReservoirs which initial-value of the 
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Scaling-Density was provided by the modeler; ii) the list labeled AN List contains all bioReservoirs 
which initial-value of the Scaling-Density was set by the program to equal the value, provided by 
the modeler, of the if-scaling-amount of that bioReservoir; iii) the list labeled RNList contains all 
bioReservoirs which initial-value of the Scaling-Density was set by the program to equal the value 
of the if-scaling-amount of a bioReservoir which name was entered by the modeler in the 
"if-scaling-bioReservoir" attribute of the original bioReservoir; iv) the list labeled DNList 
contains all bioReservoirs which initial-value of the Scaling-Density was was set by the program to 
equal the default value of 100.0. To do so, for each bioReservoir it scans the value of its 
Scaling-Density and if it has a non-default value it enters the name of such bioReservoir to the first 
of those lists, otherwise it calls the set-scaling-density-proc (Table 188) which sorts and adds the 
bioReservoir to one of the other three lists, following the criteria mentioned above, after setting the 
value of the Scaling-Density of its bioPool accordingly. 

• The set-scaling-density-proc (Table 190) discussed above is the method used in the current 
implementation of this invention in conjunction with the scaled reasoning used as default An 
alternative method for setting the values of the scaling-density attribute, to be used when more 
quantitative information is available for the system to be modeled, and in which case the modeler 
may prefer the mixed absolute/scaled type of reasoning, in which case an alternative procedure, the 
long-set-scaling-density-proc (Table 189)should be called. This alternative method is much more 
complex but also more specific, and involves the known values of the kinetic-parameters of the 
participating bioReactants for each process. A mixed approach can also be developed where if those 
kinetic-parameters are known then the reasoning of this procedure is applied, and if they are not 
available, then the previous more generic procedure is called. 

• The "Icons I nit" button calls the init-icons-callback (Table 118), which function is not essential for 
the functioning of this system, but which provides a very useful cosmetic function, by realigning the 
tracers in the subworkspaces of bioReservoirs and bioProcesses and making their connections 
invisible. Selection of this button is not necessary every time the application is started, and it can be 
selected any time thereafter, when problems are detected, in any mode other than Simulation Mode 
(where those subworkspaces may be deactivated). The same effect is achieved for individual 
bioReservoirs or bioProcesses by slightly moving and repositioning their bioPool or bioEngine, 
respectively, which triggers their respective icon-movement rules, as defined in Table 81, which 
also apply to repositioning the bioRole-posts any time a bioReactant or bioProduct is moved. 

• Selecting the "hut All" button calls all-init-callback (Table 119), which in turn calls the all the 
initialization procedures mentioned above, and selecting the "Hide" button calls the 
hide-workspace-callback, which hides this Panel. 

• With the alternative way of simulation where the original bioObjects are used, when selecting 
Simulation Mode from another mode starts the version of the change-mod e-proc shown in Table 7, 
which causes the subworkspaces of all bioReservoirs and all bioProcesses to be deactivated, and 
during the processing involved in activating a submodel for simulation, the subworkspaces of only 
the bioReservoirs and bioProcesses selected to participate in such simulation will be activated; 
while when leaving Simulation Mode to another mode causes the subworkspaces of all bioReservoirs 
and all bioProcesses to be activated again. The version of the change-mode-proc used with the other 
simulation alternative, where copies of only those bioObjects to be used are created, does nor contain 
the lines revering to activation or activation of subworkspaces. 

b) Simulation Panel and Procedures 
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• Because the applications build with this system can become very large, it is important to have 
control over which parts of the Virtual Model are included in a given simulation. To control 
performance, two implementations are provided with this system, each having advantages over the 
other depending on the hardware facilities available: 

- In the first implementation, the constraining of the simulation space is achieved by using 
activatable subworkspaces for composite bioObjects, such as bioReservoirs, bioProcesses, and certain 
time-compartments, and by having all those structures initialized to a deactivated state. When the 
subworkspace of an object is deactivated, any structure upon that subworkspace is not seen by the 
inference engine or the simulator. Only the subworkspaces of the desired structures at any given time 
are activated, and only their contents are therefore participating in a given simulation and 
associated inferences. Methods associated with buttons on the entry-panels used for simulations and 
experiments, activate the subworkspaces of bioObjects connected along the desired pathways and 
contained within the selected bioModel or compartment, and this activation is necessary for 
propagating values along the pathways. Inactivation of those subworkspaces occur upon resetting 
the selection within those panels. This mechanism is also very utile in activating or deactivating 
entire branches of a simulation model at run-time. The efficiency of large scale simulation 
applications is further improved by having the initiation of the simulation of different 
subcomponents of the high-level bioModel be driven by events, when appropriate, or by time 
intervals. This implementation allows only a single user to run simulations concurrently, since the 
attribute values of the bioObjects change during the simulation, as well as the activation state of . 
such subworkspaces. For multiple users, multiple processes of the program have to be started. ^ , ,- . 

- A second implementation is based in dynamically cloning those bioReservoirs and bioProcesses, or 
certain time-compartments, required by the simulation, and to use those copies to hold the changing 
attribute values, rather than the originals. In this implementation, the subworkspaces of 
bioReservoirs and bioProcesses are not activatable, remaining always activated. On the other hand, 
the subworkspaces of certain time-compartments are still activatable, are deactivated when 
created, and their activation is controlled during the simulation, operating as in the first T 
implementation. This implementation allows multiple users to run simulations concurrendy, each on 
a different X-window, but increases the burden on the system by increasing the required RAM to hold 
the additional transient copies and to run more than one simulation concurrently. Since the system of 
the current invention is modularized, and the modules can be dynamically up-loaded and 
down-loaded, part of this problem can be solved by up-loading the module(s) that contain the 
originals, creating the copies for the various simulations on the top module, and removing the 
modules that are no longer required from the memory, before the simulation is started. 

• A simulation can be initiated from any named and connected bioReservoir in the Virtual Model, from 
the bioPool of such bioReservoirs, or from the bioReactants and bioProducts connected to such 
bioPools. As shown in FIG.33, selecting the "simul panel" option (3303) from the desired 
bioReservoir (3301), which is only available when in Simulation Mode, calls the 
create-input-type-proc {Table 190) which creates one of two types of entry-panel by cloning one of 
the prebuilt master structures and displays the subworkspace (3305), called a Simulation Selection 
Panel, depending on whether the subclass of bioPool involved represents soluble or bound bioEntities 
(Concentrations or Density inputs, respectively). Either Panel (3304) prompts the user to select the 
type of input, and the choices offered are combinations of absolute or scaled values with one-time or 
periodic inputs. Selection of one of the radio-buttons calls the select-input-panel-callback (Table 
191), which: a) according to the user's selection it calls one of a set of specific procedures, including 
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such called in this example, the create-periodic-relative-input-panel-proc (Table 193), which in 
turn creates and partially configures one entry-panel of the specified type by cloning one of the 
several prebuilt masters; b) it creates two lists and then calls the fill-br-downstream-lists-proc 
(Table 194) to search the application for all bioReservoirs that are downstream of such reference 
bioReservoir, as defined by the relations established during the initial initialization as described 
earlier, and fills the DBR list with those bioReservoirs, and then do the same for the downstream 
bioProcesses to be added to the DBF list, and uses those values to configure the scroll-area, as 
discussed above in relation to FIG.32; and c) it calls complete-input-panel-proc (Table 192) to 
complete that panel and display its subworkspace (3305), called here a Simulation Panel. Each of 
the entry-panels is related to the bioReservoir, or the bioReservoir referred by the bioReactant, from 
which the request was originated, that is, the related-item attribute of the entry-panel newly 
created is a pointer to such bioReservoir. The difference between the one-time or periodic inputs 
types of Simulation Panel is that the latter has two additional entry-boxes to allow the user to enter 
the time interval for subsequent entries (3309) and the number of subsequent entries (3308) at such 
intervals of the amount indicated by the entry value (3306) and starting at the indicated time 
(3307); b) the difference between the absolute or scaled inputs types of Simulation Panel is that the 
entry value in the former is given in some units standardized throughout the application while the 
latter is a dimensionless value; and c) the prebuilt panels contain the overall layout with the 
common components, while other structures specific for each bioReservoir are added dynamically at 
runtime. 

• The Simulation Panel can now be used to interactively set-up and start simulations comprising a 
desired bioModel by selecting one from the scroll-area (3312), as described above in relation to" '* 
F1G.32, to allow selection of an adequate size of the model to be simulated. The parameters and ' 
optional capabilities used for the simulation at run-time are configured by using an structure upon the 
Simulation Panel spedfic for that purpose, the model-definition. Its table of attributes (3319) 
allows the configuration of any desired attributes. The "items-belonging-to-this-model" (3320) is set 
by the program to name the bioModel selected by the user, and the variables and parameters that 
form part of the simulation model are all those encapsulated in any of the bioReservoirs and 
bioProcesses in the pathway contained in the workspace named by such attribute. This is important 
when dealing with very large systems, allowing to focus the computer resources on the subsystems of 
interest. Further attributes are used to set the time interval between simulation cycles, the type of 
integration algorithm desired for the state variables (3321); the configuration for any external 
simulator that can also be used to receive or provide values of the variables in this model; the name 
of any main procedure that is invoked once every simulation cycle, which in turn may start or call 
any other procedure, and which in this case calls the model-simulation-proc (Table 204); a choice to 
send all the values to external databases or simulators at the beginning of each cycle; an indicator of 
whether the simulation is not-running, running or paused, or whether is nothing to simulate or is a 
simulation error; and the configuration of the simulator clock to run either synchronously or as fast as 
possible, which is more appropriate for simulating models which actions take place over long time 
periods). 

• This Panel permits the user to enter the input value (3306) to be added to the Accumulation of such 
bioReservoir and the time (3307) of such input. Help buttons in each section of the Simulation Panel 
provides instructions for the user in how to proceed, such as the one (3310) which subworkspace is 
shown (3311). Following those instructions, selecting the LIST button (3313) calls the 
list-simul-callback (Table 195), which finds the previous lists and then calls the read-scroll-proc 
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(Table 196) to search for the members of those lists that are contained in the bioModel selected by 
the user, as previously discussed, and fill the lists labeled DBRL (3314) with downstream 
bioReservoirs, the SDBPL list (3315) with downstream bioProcesses, and the the UBRL list with 
bioReservoirs that provide the inputs for such bioProcesses but which are not included in the first 
list. 

• As shown in FIG34, selecting one of the bioReservoir lists (3314) displays a workspace (3401) with 
pointers to each of the elements of that list, which allows to examine the bioReservoir that are to be 
included in the simulation. Selecting any of those pointers (3402) allows the user to either display 
the table of attributes (not shown) of that bioReservoir or to directly display the bioReservoir and 
its subworkspace (3419) of its bioReservoirs Bin. In a similar way, selecting the SDBPL list (3814) 
displays the pointers (3405) to the bioProcesses that are to be included in the simulation, which upon 
selection (3406) directly displays the bioProcess and its subworkspace (3425). The user can examine 
those lists to decide whether the selection made is appropriate before proceeding. If not satisfy the 
user can reset the panel, and transfer to the panel additional or different submodels, and press the 
"List" button again. 

• When a Simulation Panel is created, the "Activate" and "Start" buttons are disabled to prevent the 
user of taking such steps prematurely. When the processing associated with the LIST button is 
completed, the ACTIVATE button (3315) is enabled, and when selected it calls its associated 
procedure, which is one of three listed (Table 197) and specific for each type of Simulation Panel. 
Such procedures check that a value has been entered by the user and then call 
activate-simulation-proc (Table 198), which in turn: a) looks on the Panel for the three lists created 
above and calls the activate-model-proc (Table 199) with those lists as arguments. As discussed in 
sections above, upon entering the Simulation Mode the subworkspace of all bioReservoirs and 
bioProcesses are deactivated, so that their variables become inaccessible to the simulator. The 
function of this procedure is now to scan the DBRL, DBPL, and UBRL lists and activate the 
subworkspaces of each of their elements, which are the ones that will be now included in the 
simulation, after which returns back to the previous procedure, which scans for the Basal-Density 
attribute of the now accessible bioPool of each of the bioReservoirs on those DBRL and UBRL lists 
and if its value has been modified by the user then it adds the name of the bioReservoir to the 
User-BC list of the set described below, and if its value has a default value then it calls the 
basal-density-proc (Table 200) for such bioReservoir. 

• A simulation starts with the baseline model, after being initialized by setting the initial values of 
the initial amounts of the bioPools (concentrations, densities, scaled-amounts, or other quantities, 
depending on how the bioPools involved where defined) to be equal to the values of the 
corresponding basal amounts. In order to activate the system, a disturbance may be introduced by 
entering one or more input values through the entry-panel of the desired bioReservoir, or through the 
desired experiment-selections of the experiment-panel. By entering different values for those 
variables, or by changing the values of the constant parameters, what-if analysis can be performed 
on the system. Montecarlo simulations can be performed using a montecarlo-model-block as an input 
to each of the bioPools desired as test inputs, as explained in other section, and the simulation can 
then be started from either the entry-panel of a desired bioReservoir, or through the desired 
experiment-selections of the experiment-panel, without entering entry-values. The history of values 
for each of the variables of interest can be stored in the form of a matrix-like structure that is an 
array of arrays of values for each variable or parameter. The values of those arrays are transient 
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values that can be used for statistical and sensitivity analysis within this system, or can be archived 

to a text file external to the system of this invention, or the values can be transferred to an external 

statistical package for further analysis. In addition, if the values of those arrays are desired in a 

permanent form within this system, this is accomplished by using the procedure provided to make 

the initial values of an array equal to the list of its current values, separated by commas. 

• The basal-density-proc (Table 200) has an important inference role since the value of the 
Basal-Density (or the Basal-Concentration) is used when the simulation is started as the initial 
value for the state variable of the bioPool, the Accumulation. The task of this procedure is to obtain 
a value for that attribute, if the user has not specifically entered one, from other data and 
information contained in other attributes of that bioReservoir or its bioPool. It also uses a set of lists 
contained in the structure labeled BA (3317) upon the Simulation Panel to sort and list all the 
bioReservoirs to be included in the simulation, to indicate the source of those values used for the 
Basal-Density. The user can examine the results of that inference after the processing associated 
with the ACTIVATE button is completed, when the button becomes disabled and its appearance 
changes. Selecting the BA button (3317) displays its subworkspace with a set of lists filled by the 
program following the criteria discussed below. Those list can now be examined, by selecting their 
icons as discussed elsewhere, to find out which of the bioReservoirs got the value from each of the 
alternative more or less precise sources. 

• Various alternative versions of this procedure are made available, which are disabled and the one 
preferred is enabled by the modeler to better match the particular application. Alternatively, each 
of the alternative versions could be made specific for particular subclasses or groups of bioReservoirs. 
This procedure initially scans the normal-basal-density value of the bioReservoir and if that value 
is different from the default value of 9.99e-99 then the Basal-Density is set equal to its value, and 
the name of the bioReservoir is added to the NBD-BC list . If the subclass of bioReservoir is 
sol-mol-reservoir then the Basal-Concentration would be set equal to the value of the 
normal-basal-concentration if different from the default value. In the alternative implementation 
shown here, if the subclass of bioReservoir is sol-mol-reservoir this procedure scans the 
normal-basal-concentration value of the bioReservoir, if that value is different from the default 
value, 9.99e-99, then the Basal-Density is set equal to its value multiplied by the Avogadro's 
number, which states that each mol has 6023e23 molecules, and the name of the bioReservoir is 
added to the NBC-BC list. The conversion is made when modeling complex mixtures of bound and 
soluble molecules. For example, for many biochemical systems where the molecules form large 
localized active complexes molecules are not homogeneously distributed, and therefore it is more 
meaningful to integrate in a bioProcess the quantities of both types of bioPools representing bound and 
soluble molecules using the number of molecules rather that their concentrations. If the 
normal-basal-density (or normal-basal-concentration) has the default value, then this procedure 
scans for the Scaling-Density attribute of the bioPool and if it has the default value then the 
bioReservoir is added to the "NO BC" list. Otherwise, this procedure scans for the 
Scaled-Basal-Amount of the bioPool, and if its value is not the default value, then the 
Basal-Density is set equal to the value resulting from multiplying the Scaling-Density by the 
Scaled-Basal-Amount values, and the name of the bioReservoir is added to the SBA-BC list. 
Otherwise the Basal-Density is set equal to the value resulting from multiplying the 
Scaling-Density by a factor associated according to the symbolic value of the "abundance" attribute 
of the bioReservoir, which value is set by the modeler or otherwise the default value is used, and 
the name of the bioReservoir is added to the PAB-BC list. The inference engine may proceeds the 
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search for other sources of values, such as in an alternative method (not shown), where this 
procedure sets the value of the Basal-Density equal to a value proportional to the 
physiol-max-density (or physiol-max-concentration) of the bioReservoir if this value is different 
from default. If the user has not entered any of those values, then the program sets the value of the 
Basal-Density equal to the average of any known thresholding parameters of any bioReactant 
connected as an output of this bioReservoir, such as the Km, Ks, Ki or l/(2*Kp). This alternative 
method emulates the following reasoning: the value of Basal-Density represents physiological 
conditions and it is assumed that physiological concentrations approach the mid-range functional 
concentrations in the most relevant bioEngine in which the bioReservoir participates, as represented 
by constants such as the Km for a substrate, the Ki for an inhibitor or the Ks for a ligand or 
complex-subunit. If those values are not known, a message is displayed requesting the user to 
assumed some values, based on comparisons with similar systems. Under normal in vitro assay 
conditions, an enzyme is generally present in limiting or catalytic amounts, in a range between 10e-3 
nM and 10e2 nM, while a substrate is generally in the range of 10e3 nM to 10e7 nM. This value can be 
adjusted at a later time as more is learned about the system. If none of the alternative means are 
provided the system's default values are set. 

• Once the participants in the model have been activated and configured, the input values have been 
entered, and the model-definition has been configured, the simulation is started by selecting the 
START button (3322), which depending on the type of Simulation Panel will call one of the six 
procedures specific for each of the one-time Panels (Table 201) or for each of the periodic Panels 
(Table 202), which read the input values entered by the user and perform different types of 
processing depending on the types of variables involved. The concentration-entry-panel is used to 
input the absolute concentration value entered by the user in the input-value edit-box, in units such as 
molar, which is added as a concentration or is converted and added as a density (depending of the 
alternative options available in this implementation). In a similar way the density-entry-panel is 
used to input an absolute density value, such as units/compartment, while the relative-entry-panel 
is used to input the scaled dimensionless value. Those input values are used the values of the 
corresponding attributes in each type of bioPool, such as the density-entry or the scaled entry at the 
time of entry value entered by the user, where these values are then integrated by the formula of the 
Accumulation of such bioPool at the next simulation cycle, and the values of such attributes are reset 
to O.O after one simulation period has elapsed since the time the input values were set. The set of 
periodic type of Panel follow initially the same type of processing, but the setting of the values of 
the density-entry or the scaled entry attributes of the bioPool occurs then repeatedly as many times 
as entered by the user in the entry frequency edit-box at times intervals as entered by the user in the 
time-interval edit-box, beginning at the simulation time entered by the user in the input-time 
edit-box. Each of those procedures then call start-simulation-proc (Table 203}, which requests the 
simulator to run the model as previously defined in the model-definition. 

• During the simulation run the model-simulation-proc (Table 204) is called once every simulation 
cycle, which sets the values of the attributes current-simulation-time and 

airrent-simulation-ame-incrernent of the entry-panel. The user can select the *T" button (3325) to 
display its subworkspace, which contains a digital display of those values as well as the values of 
other performance parameters. This procedure also calls the compute-graph-transform-proc (Table 
205) described below. 

• By selecting the PAUSE button (3323) or the RESUME button (3324), which call their associated 
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procedures (Table 206), the user can pause and resume the simulation at will. By selecting the RESET 
button (3326) the reset-simulation-callback (Table 207) resets all the buttons on the Panel and calls 
the reset-proc (Table 207), which: a) first it scans the DBRL, UBRL, and DBPL lists and resets each 
of the bioReservoirs and bioProducts listed, including their status attributes, their icons and 
deactivating their subworkspaces; and b) then delete those listo. Note than when a Simulation 
Panel is created, most of its buttons are disabled, and they are enabled as the previous step has been 
selected by the user and completed by the program, at which point the button of that previous step is 
disabled. Disabled and disabled buttons have different appearances, and this implementation both 
guides the user about which steps are available at each point in time, including RESET which is 
enabled at all times, and furthermore, prevents the user from taking steps ahead of time by mistake. 
The DELETE button (3327) is disabled when the LISTS button is selected and it is not enabled until 
the reset is completed, preventing the user from deleting the panel before all the participants in the 
simulation that may have been modified are reset. 

The procedures that are modified for the alternative implementation of the simulation, when copies 
are used instead of the original bioProcesses and bioReservoirs so that the values of the originals are 
not modified, are listed in Tables 211 through 221 ). 

Digital and Graphic Displays of Dynamic Values 

This system's graphic interface allows simulations to be followed in different ways, including: 
creating pathways on a workspace where dummy copies of the bioProcesses involved, or full copies of 
bom the bioReservoirs and bioProcesses involved (depending on the alternative method of 
simulation used) of all the participating), are located in sequence and the corresponding connections 
between them are drawn. This structures allow to further interactively navigate through the system 
as usual, including back to the originals from which the copies were made, 
animation by color changes of the activated components ; 
display of the current values of desired variables in digital form; 
dynamically created graphs of a set of time series of the values of desired variables; and 
dynamic charts of the values of a variable versus another variable- 
Selecting the details option of any of the bioReservoirs or bioProcesses that take part in the 
simulation allows to follow up the quantitative simulation by providing access to the different 
structures in their subworkspaces. Only the icons upon subworkspaces that are activated are active. 
Therefore, when in Simulation Mode the capabilities now to be described, as well as the navigation 
capabilities, are restricted to only those structures that are selected participants for that 
simulation. The current values of the variables of each bioReservoir or bioProcess are by default 
displayed in digital form (3403 and 3404). To dynamically display the time course of the values 
those variables for the time frame selected during a simulation graph-tracers are used, which 
subworkspaces with a graph and associated structures are not stored, but are rather created or 
deleted when the user selects one of such tracers. These methods are described now. 

A graph-tracer is an object (Table 32) connected either to a bioPool (3421 and 3428) or a bioEngine 
(3426), used to control the dynamic creation and display at run-time of a graph which plots the 
values over time of key variables or parameters of the bioObject where they are contained, scaled or 
absolute versions for bioReservoirs. Selecting the "show-plot" option calls the 
graph-tracer-handler-proc (Table 208), which depending on the class of the graph-tracer from 
which it was invoked calls either the scaled-BR-graph-proc (Table 208), the 
absolute-BR-graph-proc, or the scaled-BP-graph-proc, which first create a subworkspace for that 
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tracer with all its contents by cloning the subworkspace of the corresponding prebuilt master 
structure, and then configure the labels of the graphs (3423 and 3428) and the ref-bioreservoir or 
ref-biopTocess attribute of each of the graph-tranf-vars upon such new subworkspace to refer 
specifically to that bioReservoir (3419) or bioProcess (3425), respectively. 

- The design of graphs and associated structures deal with plotting multiple variable which values 
differ by orders of magnitude on graph structures that do not provide multiple axis scales. In the 
current implementation, the system automatically adjusts the scale to the current values of the 
time-series to be plotted, using a system of intermediary variables to dynamically transform those 
disparate values into others that fit a common scale. This set of new variables are instances of 
subclasses of the class transf-factor-var (Table 15), a float-variable. A representative example of 
the attribute table of a default instance of one of those subclasses, a velocity-transf-factor, is shown 
(Table 209). Among the attributes of transf-factor-var are: "transform", which value is given by an 
instance of the class graph-transf-var (Table 14); and "ref-variable", which makes reference to the 
particular attribute of a bioObject that provides the input value. The Label and the Transform value 
are displayed. The role of the gTaph-transf-var is to hold a transformed value of the current value 
of the parameter or variable referred to by its "ref-variable". The transformed value is suitable for 
plotting within the scale of the related graph. The role of the transf-factor-var is to hold the value 
of the factor necessary to obtain the desired transformation, as inferred by the 
compute-graph-transforms-proc (Table 205) only when a simulation-model is running. Each subclass 
of the class transf-factor-var corresponds to one of the bioObject's attributes to be transformed, which 
matches the value defined for the "label" attribute of each subclass. The transf-factor-var provides 
by itself the order of magnitude of the variable it transforms. 

- Selecting the "hide-s.graph" option (Table 210) of the bioReservoir, which appears only when the 
graph upon the subworkspace of the scaled-BR-graph-tracer exists, or deselecting the graph-tracer, 
or selecting the delete option directly from the subworkspace of the tracer deletes that subworkspace 
with its contents. The same applies for the other classes of graph tracers. 

. Scaled Computation Approach for the Variables of bioReservoirs and bioProcesses 

- The formulas of the parameters and variables that dynamically characterize a bioPool, depend on 
other numeric variables or parameters that are either attributes of the bioPool or its bioReservoir, or 
that are attributes of the bioReactants and bioProducts that represent such bioReservoir in different 
bioProcesses. Table 83 lists a representative set of formulas, as examples of generic simulation 
formulas comprised in this invention to simulate a set of scaled-valued variables and Table 84 lists a 
set of generic simulation formulas specific for the Contribution of different subclasses of bioReactants 
that incorporate the values of scaled-valued variables or parameters. Table 86 lists a set of generic 
simulation formulas that are alternatives to the formulas in the set shown in Table 84, and which 
can be used in this invention to incorporate the values of absolute-valued variables or parameters 
into the Contribution of each bioReactant. These formulas for the Contribution do scale those 
absolute values using either a linear or sigmoid approach, depending the role in a bioProcess 
represented by each class of bioReactant. Therefore, since the output of the Contribution is 
dimensionless, whether the inputs are scaled (as in the case of using the formulas in Table 84) or 
absolute (as in the case of using the formulas in Table 86), it is now possible to integrate in a single 
bioProcess a mixture of bioReservoirs, where some of those bioReservoirs use only the scaled-valued 
variables while other bioReservoirs, called of mixed-type, use a mix of the scaled-valued variables, 
such as the Scaled-Amount, and absolute-valued variables, such as the Density. Those two values 
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are interconvertible by using the value of the Scaling- Density, as computed by the formula for the 
Density in Table 86, so the user may be able to display the output of a simulation also as converted 
back into Density units in this case. The Contribution can be used in conjunction with either 
absolute-valued or scaled-valued variables, and therefore allows to integrate parts of the 
simulation where the absolute values of parameters and initial conditions are known, where other 
parts of the simulation where those values are unknown an have to be approximated, which is best 
done when using dimensionless values. 

- The Quantity of the bioPool is the only quantitative output value propagated from any component of 
a bioReservoir to any component of a bioProcess. That output quantity value of the bioPool is used to 
compute either: a) the value of the Velocity of each bioEngine connected to each bioReactant 
connected to such bioPool, which is the method normally used when using the absolute computation 
approach, to be discussed below; and b) the value of the Contribution of each bioReactant connected 
to such bioPool, which is an intermediary variable which in turn is used to compute the value of the 
Velocity of the bioEngine to which that bioReactant is connected, in combination with the 
Contributions of all bioReactants connected to such bioEngine, this being the preferred method used 
when the scaled reasoning mode of simulation is preferred by the modeler or user. The formulas for 
the variables that give the value for the Contribution are specific for different classes of 
bioReactants, as more specifically defined in Tables 83 and 84. The formulas for the dasses that 
represent reactants that bind to specific sites other reactants, such as substrates, ligand j, inhibitor.r 
or ion.r, are designed as to provide a sigmoid scaling around their characteristic kinetic parameters, 
which implicitly provides a smoothed thresholding of the Quantity of the bioPool for that ? 
particular bioProcess, as represented by the bioReactant. When using the scaled-valued set of 
variables, the Scaled-Amount is used in conjunction with the corresponding scaled kinetic parameter, 
as the examples given in Table 86 show. The formulas for the Contribution for other classes of 
bioReactant, such as receptor. r or enzyme.r, are designed as to provide a linear scaling from none to 
their maximum observed value, represented as 100 if such absolute value is unknown. In contrast 
with the absolute mode of computation, where there may be great variability in the formulas 
needed to provide the value for the Velocity, depending on the class of bioEngine involved, in the 
scaled mode of computation the variability is introduced, to a much lesser extent in the simulation 
formulas that provide the value for the Contribution, while only one very generic simulation 
formula is required for the Velocity of all classes of bioEngines. As listed in Table 83, the very 
generic simulation formula for the Velocity included in the current implementation of this invention 
integrates various coefficients and a rate-constant to give the modeler or user the flexibility of by 
changing the values of those attributes of the bioEngine to modify the behavior of die system in 
different ways, without the need to write specific formulas for each situation, while the default 
values of those attributes do not affect the system. 

- The Velocity of each bioEngine in turn is used to compute: a) the Production-Rate any bioProduct 
connected to such bioEngine; and b) the Consumption-Rate any bioReactant connected to such 
bioEngine, which may be 0.0 if such bioReactant represents a reactant that is not consumed in such 
process, or may have a value that may be withdrawn from a bioPool as an output (like any standard 
Consumption-Rate), but then retained for a period of time and then returned back to the bioPool as an 
input (like any standard Production-Rate will do), as specified by methods specific for the variables 
of such particular pair of bioReactant and bioPool, or for a group of such pair which are identifiable 
by some specific common attribute, or which are defined as separate subclasses of their respective 
classes. 
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- Several bioProcesses may contribute through their outputs to the Input-Rate of that bioPool, which 
values are then integrated when computing the value of the Accumulation of that bioPool. Users can 
also add (or remove) an absolute or scaled amount during a simulation to the selected bioPool, by 
having specific procedures setting the values of specific attributes of the bioPool, as discussed above, 
which are then integrated into the Accumulation by its simulation formula. 

- The Basal-Quantity (which may be either a Basal-Concentration, a Basal-Density, or a 
Scaled-Basal-Amount) represents the initial conditions, and provides the initial-value for the 
integration of Accumulation, which is a state variable that integrates all other dependent 
variables. When using the scaled-valued set of variables, the value of the Scaled-Amount is the 
value of the Accumulation constrained to a range within 0.0 and 1.0. The values of the Concentration 
or Density are constrained to not be less that 0.0. 

• In this invention, the value of variables or parameters that are attributes of bioObjects upon the 
subworkspace of bioReservoirs and bioProcesses, can be simulated only if the subworkspace of the 
bioReservoir or bioProcess upon which it is located is activated. When the user selects simulation 
mode, the subworkspaces of all bioReservoirs and bioProcesses are deactivated, and only those that 
are to participate in a simulation run are activated. This is a mechanism to improve performance of 
what may become an extremely large system of parameters and variables. In the current 
implementation of this invention, each of the values is computed once each simulation cycle using 
the equations defined by simulation formulas. 

- The implementation of the intermediary variable, the Contribution, is a novel and very important 
teaching of this invention, particularly in applications when the knowledge of the quantitative 
parameters and initial conditions of the system are incomplete, or when a more abstract and generic 
system is desired, such as when providing a Shell to be used in different and unpredicted ways- This 
implementation is relevant in several different ways. It allows to treat each of the bioReactant of a 
bioProcess as a generic self-contained unit, which allows to model also participants in a bioProcess 
which are known to interact but which exact roles in such process are unknown, where the velocity is 
generically computed by simply multiplying die contributions of any participant that the modeler 
may want to model. These generic units become even more generic when used in combination with the 
set of scaled-valued variables, which allow the user to enter values based on expert knowledge, or 
quickly perform what-if analysis. Another important result of using the Contribution is that, as 
discussed above, allow to perform quantitative simulations that integrate into the Velocity of any 
bioProcess values originated from bioReservoirs with both types of absolute-valued and 
scaled-valued variables. This means that those parts of the complex model where the absolute 
values of their kinetic parameters and initial conditions are known can be integrated with other 
parts of the complex model where relative values are used because the absolute values may be 
unknown. 

- The abstraction provided by the Contribution also facilitates the use of bioProcesses as black-boxes, 
which are also be implemented in the current system of this invention without using the 
Contribution. Black-boxes are used to represent any type of participant that is known to cause 
something to change somewhere down the line, even if it is known that other intermediaries are 
involved, but where the details or identity or even the existence of those intermediaries is unknown. 
The bioReactants in a black-box represent the entities (of bioPool(s)) that cause some effect on some 
other distant entities or bioProducts (the input to other bioPool(s)), and like in other generic 
bioProcesses, either the kinetic-coefficient (scaled or absolute) that modifies each bioReactant, or 
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the rate-constant that modifies the overall process, representing the proportionality factor between 
the quantity of cause(s) and the quantity of effects, can be used. 

• Absolute Computation Approach for the Variables of bioReservoirs and bioProcesses 

- More standard ways of quantitative simulations using the known absolute values of the system 
parameters and initial conditions, can be performed by using only the set of absolute-valued 
variables or parameters, and by using a different set of generic simulation formulas, such as those 
shown in Table 85. From those variables, the one that offers more variability in the formulas needed 
for each class of bioEngine is the Velocity, which is in contrast with die scaled mode of computation 
where only one very generic simulation formula is required for the Velocity of all classes of 
bioEngines. It is also possible to write very complex simulation formulas to encompass a variety of 
different situations, such as that in Table 82 to be described below. The value of the Velocity of a 
bioEngine in this approach depends directly on the Quantities of die bioPools connected to each 
bioReactant connected to such bioEngine, which is the method normally used when the formulas that 
give the value of the Velocity are those that represent the equations that a biochemist will 
normally use to compute the velocity of a reaction, based on the quantities of the reactants and on 
some known kinetic parameters, such as the Michaelis constant (Km), inhibition constant (Ki) or the 
equilibrium dissociation constant and which the preferred method used when the absolute reasoning 
mode of simulation is preferred by the modeler or user. The simulations formulas for the Velocity of 
absolute-valued enzymes, such as that listed in Table 85 (which is equivalent to the Briggs and 
Haldane approach where V = n* kp*[E)»[S]/([S] + Km • X), where X = 1 if no inhibitor.r is connected 

to the bioEngine, or X = (1+ P]/Ki ) if an inhibitors is also connected to the bioEngine), assume the 
instantaneous or initial velocity approach, since increases or decreases in the Concentration of the 
substrate are updated at small time intervals in this invention. 

• Following are some examples of how the common knowledge of chemists is implemented in the 
current invention. 

- For receptor-bioEngines or enzyme-bioEngines with multiple equal binding sites, the velocities can 
represent reactions of two major types: a) the generic simulation formula for non-cooperative-binding 
is equivalent to V = n»Kp*{EJ*[S]/(Ks+[SJ), and represents the situation where binding at one site has 
no effect on the intrinsic dissociation constants of the vacant sites, yielding hyperbolic velocity 
curves, and being impossible to tell from the kinetics whether there is 1 pmole with n identical sites 
or n pmoles of 1 site; and b) the generic simulation formula for cooperative-binding represents the 
simple sequential interaction model of an allosteric enzyme with 2 cooperative substrate sites. It is 
modeled as two substrates connected to the same bioPool, but each of those bioReactants have 
different dissociation constants, and the simulation formula is equivalent to 
V=n»kp»[E]*([S]/Ksl+[S]^ 2 /Ks2^ 2 )/(l+2»[S]/Ksl+[S]^ 2 /Ks2^ 2 ). Here, the binding of one substrate 
molecule increases the affinities of the vacant sites for the next substrate molecules, yielding 
sigmoid velocity curves. Thus, the sigmoid response acts as a smooth "on-off" switch", and at 
intermediate specific velocities, this provides a much more sensitive control of the reaction rate by 
variations in the substrate Concentration. Allosteric enzymes generally result in sigmoid velocity 
curves due to cooperative binding, either positive or negative (binding one molecule facilitates 
binding of the next). The Hill Equation is used for an enzyme with n equivalent S binding sites, if the 
cooperativity is very marked, in which case the Km of the single substrate j has to be set, not equal 

to the real Km but rather equal apparent Km to the n power. Under these conditions, dominated by 
(S] A n, the equation can be simplified to V = kp»{E]»[S] An /(Km'+[S] An ). For enzyme-bioEngines, the 
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application in this invention focus on regulatory pathways, which are controlled by enzymes which 
active form is only present in catalytic amounts and a steady-state is assumed. For 
receptor-bioEngines, which include processes for other specific binding proteins, the generic formula 
for the velocity represents the system at equilibrium, and is equivalent to v»[RL]=n[R]» /(l+(Ks/[L]». 
- Inhibition cart be modeled in different ways, and the modeler has to decide what best represents 
each situation. Table 82 lists a very generic formula that allows the modeler to connect to the 
bioEngine one inhibitor-reactant that can be of any one of the four common types represented by the 
four defined subclasses of inhibitor-reactant. This formula is capable of first detecting which 
subclass of inhibitor-reactant is connected to the bioEngine, and then applying the equation with one 
of the alternative modifiers included which apply to that particular type of inhibitor. However, 
some of those types of inhibitors may be better represented in the system of this invention as 
competing with the substrate from a separate bioProcess, which allows for a more intuitive 
representation and understanding of such competition and a higher level of manipulation by the user, 
which are in fact some of the advantages offered by the system of this invention when compared 
with other more global modeling approaches. Competitive inhibition may be modeled within the 
corresponding bioEngine, with the generic formula such as that in Table 85. Noncompetitive 
inhibition is best modeled as a separate complex-formation-process between the enzyme and the 
inhibitor that competes for the enzyme by being connected to the same bioPool. Feedback inhibition 
should always be modeled by a separate bioProcess. Any further velocity equations can be derived 
in the same manner, by using well established equations in the field of biochemical kinetics, and the 
reader is referred to standard references, such as Segel,I.H. ,1976, Biochemical Calculations 2nd 
Edition, John Wiley & Sons, New York. 

c) Experiment Panel and Procedures 

• An Experiment Panel is a facility that allows to perform many of the previously discussed, but with 
the additional feature: the capability of using multiple points of reference for the generation of lists, 
creation of pathways, or as the recipients of quantitative inputs for simulations. In contrast to the 
Simulation Panels, which are are dynamically created and deleted when requested from the 
bioReservoir that serves as point of reference, and , a Library of Experiment Panels are created as 
permanent generic structures with different designs, accessible through the "Panels" head of the 
domain-menus associated with the General Mode {2920) and with the Simulation Mode previously 
discussed. Each Experiment Panel is the subworkspace of an instance of entry-panel created by 
cloning the Master-Experiment-Setup-Panel. As shown in FIG 35, selecting one of those options 
(3502) from the domain-menu (3501) displays the subworkspace (3502) of the named entry-panel, 
which corresponds to one of those predesigned Experiment Panels. The new components of such Panel 
are round structures (3504) organized in columns and rows which are instances of class 
experiment-selection (Table 222). New designs are created by deleting of adding any number of such 
auxiliary structures, used to select the combination of bioReservoirs that are to serve as the points of 
reference in such experiments, and also to allow the user to enter the input values for quantitative 
simulations of such experiments. 

• Selecting one of the experiment-selections (3504) displays its table of attributes (3505) which allows 
to: a) enter a short name in its "label" attribute displayed on top of the icon, b) select a bioReservoir, 
as entered in its "ref-bioreservoir" slot, and c) enter whether "currently selected" is true or false. The 
values of those attributes are sufficient to perform any of the qualitative tasks associated with this 
panel. If a quantitative simulation is desired, any of the values for the other optional attributes 
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may be entered, such as those for an absolute-valued input or an scaled-valued input, time of input, 
time interval for periodic entries, and entry frequency, which have the same use as those previously 
discussed in relation to FIG33. The configurations of any or all those experiment-selections can be 
stored for later use, and the combinations of different experiment-selections to be included in a 
particular experiment may be quickly changed at will by changing the value of the "currently 
selected", since only those with such value set to true, which get also highlighted with a different 
color, are included in the processing when any of the tasks is requested. This allows the user to have 
a set of experiment designs for those types of experiments most frequently used. The 
BIORESERVOIRS button (3506) provides a graphic tool to facilitate the task of the user in selecting 
the appropriate name to enter in the "ref-bioreservoir" attribute of those experiment-selections, to 
be selected from among the large number of bioReservoirs in the Virtual Model. Selecting this button 
displays its subworkspace (3507) if one exists, or calls the BR-scroIl<alIback (Table 223) which 
creates one, containing an scroll-area listing in alphabetical order all the named bioReservoirs 
loaded on memory, and which in addition to providing the specific nomenclature used for desired 
bioReservoirs, it allows to directly access and verify the details of a selected bioReservoir. 

• Upon entering the choices of "ref-bioreservoir" and setting the value true for the desired combination 
of experiment-selections, the user can proceed by selecting the PROCESS5 button, which calls the 
process-exper-callback (Table 224), which creates a set of lists and then scans the Panel to find all 
experiment-selections which Currently-selected is true and the Ref-bioreservoir has a value, which 
are inserted in the "Exper. Selections" list (3512), and for each such experiment-selection found, it 
calls the same fill-br-downstream-lists-proc (Table 194) called from the Simulation Panel to fill the 
other two lists, one (3513) listing all downstream bioReservoirs of all those bioReservoirs named by 
the experiment-selections in the previous list, and the other (3514) listing alt downstream 
bioProcesses of all those bioReservoirs named by the experiment-selections in the first list; and then 
finds all the bioModels that include "all" of those bioReservoirs and bioProcesses listed in those 
lists, and creates an scroll-area displaying those bioModels, to allow the user to select the desired 
scope of inclusion, as described in reference to FIG32. Selecting the CLEAR button (3529) calls 
clear-exper-callback (Table 225) which deletes those lists and the scroll-area, to allow making 
different selections and repeating the PROCESS. The other buttons on the Panel have similar or 
equal functions as those described for the Simulation Panel, and therefore here only the differences 
will be briefly highlighted. The reader is referred to the Tables 225 through 233 for a more detailed 
description of the processing involved. Selecting the LIST button (3515) calls the list-exper-callback 
(Table 226) which creates a new set of lists: SDBRL (3516), SDBPL (3517), and UBRL (3518) lists, and 
finds the members of the previous sets of lists that are contained in the selected bioModel. 

• Selecting the PATHWAY button (3520) calls the draw-exper-pathway-callback (Table 227), which 
creates a navig-path-tracer (3531) together with its subworkspace by cloning the 
Master-Navig-Pathway and transfers it to the Panel, and then it scans the "Exper. Selections" list 
and for each bioReservoir listed calls the oreate-local-exper-BP-proc (Table 228), while setting the 
value of the x-pos to a value close to the initial position when changing from one bioReservoir to the 
next, which performs a processing very similar to that described earlier for the 
create-local-UBP-proc (Table 176) for the upstream direction. Now, instead of once as before, that 
procedure is called as many times as bioReservoirs are in the "Exper. Selections" list. One example 
of the display of one of those multi-origin pathways is shown in FIG36, which are more complex. 
The pathways start from multiple, initial bioReservoirs, and the pathways from latter initial 
points are connected, whenever the possibility arises, to the pathways from former initial points 
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already on the Experiment Pathway Display. Alternative implementations of any of the types of 
pathways is to include in the drawing of the pathways not only the bioProcesses, but also the 
bioReservoirs that are intermediaries between those process in the chaining process. The procedures 
for those alternative implementations (not shown) apply the same methods and need only minor 
modifications to create, transfer and connect the intermediary bioReservoirs. 

• This Experiment Pane! can be used either for the only purpose of generating those complex pathways, 
or they can be further used to perform quantitative simulations that apply to the variables and 
parameter of the components of those pathways. For that purpose, the remaining buttons and 
structures to be used in the subsequent steps have been described before, and the procedures called 
upon selection of the such buttons (Tables 229 through 233) are only minor modifications of those 
described for the corresponding buttons of the Simulation Panel, to incorporate the fact that now 
there is not just one bioReservoir but the various bioReservoirs in the "Exper. Selections" list to 
consider. 

d) Simulating Complex Models 

• To deal with complex systems where some parts of the system may be more precisely defined than 
others, the system of this invention integrates a variety of methods to allow modeling and 
simulations while accommodating the uneven types of knowledge available. The following 
describes how the heterogeneous forms of knowledge are integrated in the system of this invention: 

- In some cases, sufficient information has allowed scientists to develop mathematical models to 
represent a particular behavior of a system, and some of those models may be suitable for adaptation 
to be included in the knowledge-base, giving the user the option to integrate them in their 
simulations. This type of knowledge is usually included in the form of the parameters characteristic 
of the system and the initial conditions once the underlaying architecture of the network is matched, 
or it can be implemented directly by modeling particular inputs or outputs as model-blocks. 

• Intermediate levels of information about a sequence of events, or effects following a cause or 
combination of causes, allows the construction of semi-quantitative behavioral networks that are 
constrained by the data available, such as time intervals, context and compartments in which 
behaviors occurred, concentration levels at which different behaviors were observed, and so on.... 
This type of information is used to design the compartmentalized architecture of the network, and to 
provide semi-quantitative values to the scaled parameters and initial conditions. 

- Heuristic and shallow knowledge can be integrated in the form of either rules or formulas for 
inferred variables, that connect a cause with a distant effect, without detailed description of the 
unknown underlaying mechanism. 

• Depending on the amount and type of information and data available about the system to be 
modeled, and the nature and size of the bioModels to be developed, the system of this invention's 
may operate in either quantitative or semi-quantitative simulation mode. With well known 
metabolic pathways, the simulation may be run in quantitative mode, but since in most biological 
systems both qualitative and quantitative information is incomplete, it may be difficult to simulate 
with accuracy such biological systems. However, the semi-quantitative methods integrated in the 
system of this invention allows to gain insight about the degree and direction of change in the model 
variables, and their quantity levels at different points in time. 

• Of major importance in simulating the behavior of biological systems is the need to model the 
different states in which complex biological entities, such as cells, can be found at different points in 
time, and also to model the events that cause the transitions from one state to another. There are 
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several major types of states and transitions to be considered, depending of whether the biological 

entity to be considered is a biological system, organ, cell, cellular compartment, molecule or any other 

entry. We are providing here with just a few examples among the many considered in the currently 

preferred embodiment of this invention. 

The modeler is provided with several methods to fine tune any specific parts of the complex model, 
including in the ability to write formulas specific for the individual instances of variables that are 
attributes of the bioReservoirs or bioProducts that model any such specific part of the complex 
model. Within those formulas, temporal reasoning is further achieved in the system of this 
invention in several ways, such as by specifying times or time intervals, using quantitative time 
constraints such as the expressions: during the last 30 seconds, as of 5 minutes ago, or between 3 hours 
ago and 4 hours ago. Fuzzy time intervals and time constraints may be specified if so desired to 
handle the uncertainty encountered in biochemical systems. The simulation can be synchronous or 
asynchronous, by setting different simulation time intervals for sets of variables of bioProcesses and 
bioReservoirs that represent different parts of the complex model. 

The simulation can be continuous or time-constrained, and either way may be differentially applied 
to different parts of the complex model. To accomplish that, the simulation formulas can be 
complemented with rules that monitor those simulated variables to either set other values, 
particularly those that are further integrated into an state variable, or by controlling parts of the 
model. For example, a bioProcess or a bioReservoir can be programmed to be active only for certain 
time intervals during a simulation run, by means of rules or procedures that control the activation and 
deactivation of its subworkspace. Those time intervals may be either directly specified or 
dependent on the values of other parameters or variables or any of their combinations. Rules may be 
defined to monitor the simulated values of specific variables, such as the Quantity of a given bioPool 
or the Velocity of a given bioEngine, to be compared with a specified threshold, that when reached 
causes that rule to trigger some actions, such as setting the values of other parameters or variables, or 
activating and deactivating the subworkspace of one or more bioProcesses or bioReservoirs, or 
starting one or more procedures. Such rules in turn may be: a) if -type rules with their "scan-interval" 
attributes set to a specified time interval that preferably matches the time-interval used for the 
simulated variables, which means that such rules are invoked once every such interval; or b) 
whenever-type rules that are invoked whenever the specified variable receives a value and which 
trigger specified actions when such value fulfills any specified constraints; or c) initially-type rules, 
that may for example be hidden in the subworkspace of a bioEngine or bioPool, and which will be 
invoked once every time the subworkspace of their superior bioProcess or bioReservoir is activated, 
and which may trigger any of the actions described above which may apply to any bioProcess or 
bioReservoir in the complex model. 

One of the several applications of this invention is that of a system for signal processing and signal 
integration. In such system, simulations can have three levels of control through: 
the interactions explicitly modeled in the architecture of the graphic design of this invention, 
namely the network of connected bioReservoirs and bioProcesses, which represent and determines the 
specific interactions of the different components of the complex model; 

the propagation through such network of the dynamic changes in the values of the variables of such 
components; and 

through the signals transmitted by the smoothed thresholding implicit in the design of the 
Contribution variables of the bioReactants which determine the output values of the Velocity of the 
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bioEngines, and 

- through the rates of consumption of the bioReactants and the rates of production of the bioProducts, 
that determine new changes in the values of the Concentrations, now amplified to a larger number f 
bioPools, which in turn initiate new waves of value propagations. 

• The simulation starts after a perturbation, such as a Concentration-Entry, Density-Entry or 
Scaled-Entry, has been introduced and integrated in the overall system's equation: d[E](t)/dt = [E](t) 
+ entry + X tnputs(t) - H*[E](t) - X outputs(t) In this system, the bioReservoirs and bioProcesses placed 
in a biological compartment-layer are activated successively in time and space, as the activation 
signal is propagating forwards based on various chaining relationships between those structures 
established during the initialization process according to the downstream or upstream positions of 
each of those structures respect to the others. 

• "When starting the knowledge base, the G2-s finds the initial values for all variables that receive 
values from simulation formulas, and then executes the main simulation procedure. For each 
simulation cycle, the G2-simulator evaluates in order: 1. simulated state variables and parameters , 
2. dependent variables and parameters, and 3. the main simulation procedure. The G2-s only 
evaluates one, the most specific simulation formula for each variable" 

• BioReservoirs which variables have scaled values can be mixed in a simulation with BioReservoirs 
which variables have quantitative values, since both types of outputs are integrated at the v 
bioProcess level only after being transformed to a scaled value. However, the output values of the 
variables of BioReservoirs and of the thresholding parameters, such as Km, Kd, Ki or kp, have to be 
of the same type, either quantitative or scaled. The choice of scaled values between 00 and 100.0 for 
basal-Concentration, based on the knowledge of the domain expert, can also be entered manually 
within the table of attributes of the bioReservoir. 

• Tabular functions of one argument allow to deal with situations when the algebraic relationship 
between two bioVariables is not known but experimental data is available, which allows to build a 
table that relates a set of values that represents the magnitude of a cause with the set of values that 
represents the magnitude of the corresponding mechanistic effects or cellular responses, and 
straight-line interpolation is optional. These are important tools to biologist who frequently 
measure complex cellular responses to external factors. 

5. Alternative Implementations and Variations 

a ) An equivalent system can be build with a less graphic interface by substituting each of the 

components represented in the current implementation as iconic bioObjects upon of the subworkspace 
of bioReservoirs and bioProcesses, and representing them instead as attributes of the bioReservoirs 
and bioProcesses, respectively. Examples of this alternative implementation are shown in Tables _ 
and _.. The corresponding methods would need only minor modifications, such as for example, by 
substituting the current expression "the bioPool upon the subworkspace of bioReservoir X" with "the 
bioPool that is an attribute of bioReservoir X"; or substituting the current expression "the 
bioReactant-1 connected at port-1 of the bioEngine upon the subworkspace of bioProcess X" with 
"bioReactant-1 of bioReservoir X", where each of the specific bioReactants connected to each of the 
specific stubs of a specific type of bioEngine are now converted into specific attributes of the specific 
type of bioProcess, and where those attributes are not values but objects, and where those objects may 
have as attributes other objects. For example, the bioPosts now connected with each bioReactant and 
bioProduct can also be implemented as and attribute of such bioReactant or bioProduct, while the two 
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sets of bio Posts connected to a bioPool can now become two sets of attributes objects of the 
bioReservoir, such as lnput-1 or Output-3. By defining a specific attribute, such as "post" for these 
new classes of objects, the specific distant connections can now be established by giving the same 
unique value to the "post" attributes of one of the bioReactant attributes of a bioProcess and one of 
the Output attributes of a bioReservoir, or by giving the same unique value to the "post" attributes of 
one of the bioProduct attributes of a bioProcess and one of the Input attributes of a bioReservoir. The 
result of this alternative implementation is that the different levels of encapsulation currently 
provided through the workspace hierarchy would then be provided by an attribute hierarchy, and 
the current representation of those components by their icons would be then limited to their 
representation by their tables of attributes, which are also part of the current implementation. 
Many of the tasks associated with the menus of the icons of those components or other auxiliary icons 
can be associated in the alternative implementation as menu options of the superior bioReservoirs 
and bioProcesses, as many of those are already currently implemented. The advantage of using the 
approach described in the currently preferred embodiment of this invention is that the more graphic 
interface is more intuitive for the user, and easier to use. The disadvantage is the additional 
memory required to store the additional graphical structures. 

b) Another alternative is to replace the complex knowledge-structures bioReservoir and bioProcess by 
the components encapsulated in their respective subworkspaces, after some modifications. One of the 
several possible alternatives is to bypass the bioReservoir and the bioProcess structures altogether, 
and to encode the pertinent information here defined within the bioReservoir's table of attributes in 
the bioPool's table of attributes, and to encode the pertinent information here defined within the ■ 
bioProcess's table of attributes in the bioEngine's table of attributes, and to construct the iconic 
components now contained in the subworkspaces of the bioReservoirs and bioProcesses directly on the 
desired workspace. The advantage of using the approach described in the currently preferred 
embodiment of this invention is that the bioReservoir and bioProcess structures encapsulate the 
details and simplifies the schematics, and makes easy the cloning and transfer of the preconstructed 
structures from one location to another, making the task of developing new models or modifying 
existing time much faster and keeping complex schematics simpler. The disadvantage is the 
additional memory required to store the additional graphical structures. 

c) An alternative more compact implementation that would still allow developing multidimensional 
pathways, bypassing the need for bioReservoirs, is to directly connect all the bioReactant-post and 
bioproduct'post that in the current implementation are connected to the same bioPool, by giving them 
all the same name. In such implementation, the "ref-btoentity" attribute, as currently defined for 
the class bioReservoir could instead be defined for the classes bioReactant and bioProduct, a 1 . wing 
in that way access to the bioEntity corresponding to an instance of bioReactant or bioProduc . that 
would provide the physical description of such bioReactant or bioProduct. This implementation 
would allow the user integrating the description of structure with function. In another related 
implementation, the variables and parameters, inputs and outputs, as well as other attributes, as 
currently implemented as attributes of the bioReservoir or its bioPool, or as separate icons within the 
bioReservoir, could be implemented as attributes of the currently corresponding bioEngine. 

d) Other of the many alternatives include: storing the bioReservoir or equivalent structure within the 
subworkspace of the bioEntity; or storing the bioEntity within the subworkspace of the bioReservoir. 
However, note that in the current implementation, the bioEntities are stored independently of the 
bioReservoirs because in many cases, and particularly dealing with very large applications, it may 
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not be necessary to store one bioEntity for each bioReservoir, and instead prototypic bioEntities can be 
used that are shared by many bioReservoirs. But even in such cases, another alternative is storing 
all the bioReservoirs that in the current implementation would refer to the same bioEntity in the 
subworkspace of such bioEntity. 

e) The concepts and methods subject of this invention can be applied with each of the object-oriented 
expert system shells from various vendors, after those capabilities not provided by that particular 
shell are additionally encoded. An equivalent of those capabilities of the selected shell that are 
required to apply the concepts and methods of this invention may also be custom built from scratch or 
by combining a set of off-the-shelf components. 

f ) There are many sophisticated capabilities that can be further developed with this system, which a 
knowledgeable expert can derive from the teachings of this invention. Here, only a few important 
ones of which will be described in detail: 

g) As an alternative, the methods here represented could in part be compiled using this Shell or other 
shells of the compiled type, including but not limited to RT works and Activation Framework. The 
compilation may improve performance at runtime by eliminating graphical interpretation of the 
iconic components . However, compilation does not facilitate frequent modifications of the design 
and information contained in the iconic components , a feature which is of great importance when 
modeling biochemical systems, the knowledge of which is being continually updated and improved. 

h ) The same concepts described in this invention can be slightly modified by a person skilled in the art, 
to incorporate multiple inheritance capabilities, allowing the bioObjects to inherit attributes from 
two or more superior classes. Additional controls and code may be required in that case to resolve 
conflicts that may appear when more than one superior class have the same attributes but receiving 
values from different sources, or through different methods. 

i ) Many of the symbolic variables or parameters could be also represented as logical variables or 
parameters, with or without fuzzy-beliefs, by simply changing the language of the attribute name 
and its values. For instance, an attribute called status could have values: available, unknown and 
unavailable; or it could alternatively be called is-available and have values true, unknown or false, 
the unknown associated with fuzzy-beliefs , such as the range 0.2-0.8. 

j) To further control the behavior of any component of a simulation, different types of filters could be 
applied to, for example, the Density (or Concentration) of bioPools or to the Velocity of bioEngines. 
These filters can be of any of the types of filters used in signal processing control systems, such as 
low-pass or ideal high-pass filters ( such as H(j6>)=e"J toto for I to I > co^ else Hfj<n)=0 ), Gaussian 

filters (H(e>)=e" a<£D)A2 *e"i <Bto and others). Such filters could be executed in either formulas or 
procedures, that could be generic for a whole class of variables, or more specific for certain instances 
or group of instances. The specific Alters are more useful if fine control is required. 

k) The Density (or Concentration) of a bioPool is the result of multiple interactions and is represented as 
a differential equation in the present embodiment. Alternatively, it could be represented as a 
discrete-time linear system or a continuous-time linear system of equations, or whenever the Shell is 
able to handle vectors, as their equivalent matrix system. Difference or differential equations can 
be converted to state form, and the state variables of the system are them described as a state vector, 
the coefficients of the variables are described as a system matrix and the forcing jerms are described 
as the forcing vector, following standard procedures 
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I. Group of variables true tures 
Group of Parameters 
Group of Variables 
Class Lists 
Class Array 

IL Group of visualObjects 
A. Auxiliary Tools 
Class Button 

Class Graph-Tracer 

Class scaled-BR-graphTracer 
Class absolute-BR-graphTracer 
Class scaled-BP-graphTracer 

Class Lists-Tracer 
Class BR-chaining-Tracer 
Qass BP-chaining-Tracer 
Gass Query-Tracer 
Class Basal-density-source-Tracer 
Class BR -scroll-Tracer 

Class Path-Tracer 
Qass Down-path-Tracer 
Qass Up-path-Tracer 
Qass Complex-path-Tracer 

Class Action-Button 
Class go-tosw -Button 
Qass paletteButton 
Qass go-to-ws-Button 
Qass hide-ws-Button 
Class go-to-sup-obj-Button 
Class Change-Mode-Button 
Class Resize-Button 

Class bioConnection 

Class P-connection 
Class R<onnection 
Class Link 
Class Line 



Class Graph-Link 
Class Icon-Wire 
Class bioPost 

Class bioPool-Post 
Class bioPool-R-Post 
Class bioPool-P-Post 

Class bioRole-Post 
Qass bioReactant-Post 
Class bioProduct-Post 
Other Tools 

Class Inference-block 

Class Model-block 

Class Model-box 

Class Experiment-Selection 

Class bioEntity-Notes 

Class bioReference 



B. Class bioObject 

Class bio View-Object 

QassbioModel . . . 

Class bioProcess 

Class bioReservoir 

Class bioEntity 
Class bioRole-Object 
Class bioReactant 
Qass bioProduct 
Qass bioNode-Object 
Qass bioPool 
Class sol-mol-pool 
Class bound -moi-pool 
Class membr-bound-mol-pool 
Class bio Engine 
(see subclasses in TABLE 62) 
C Group of Panels 
Selection-Panel 
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Query-Panel 
Entry-Panel 

D. Group of Panel.Controls 
Class Toggle-Buttom 
Class Radto-Buttom 
Qass Check-Box 
Class Type-in-Box 
E. Group of Displays 
Class Graph 
Class Scroll Area 
Class Message 
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IV. Group of Inference and Simulation 
Structures 

Class Relation 

Class Rule 

Class Tabular-Function 

Class Generic-Formula 

Class Generic-Simulation-Formula 

Class Specific-Formula 

Class Specific-Simulation-Formula 

Class Units-of-Measure-Declaration 

Qass User-Menu-Choice 

Class Procedure 



TABLE 2 

Class name outcome-par 
Superior class symbolic-pararameter 
Attributes specific to class none 
Inherited attributes none 

Default settings initial value for symbolic-parameter: within-threshold 



TABLE 3 

Class name int-par 

Superior class integer-parameter 

Attributes specific to class none 

Default settings options for parameter: do forward chain width 40; height 40; 

Class name generation-number-par 

Superior class int-par 

Attributes specific to class none 

Default settings initial value for integer-parameter: 1 

Class name time-delay-par 

Superior class i nt-par 

Attributes specific to class none 
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Default settings 



data type for quantitative-parameter seconds; 
initial vaJue for integer-parameter 0 
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Class name elapsed-simul-time-par 

Superior class int-par 

Attributes specific to class none 

Default settings data type for quantitative-parameter: seconds 



Class name 
Superior class 
Attributes specific to class 
Default settings 
Attribute displays 
Icon description 



x-pos 
int-par 
none 
none 

last-recorded-value at standard position 
width 50; height 18; 



Class name y-pos 

Superior class int-par 

Attributes specific to class none 

Default settings none 

Attribute displays last-recorded-value at standard position 

Icon description width 50; height 18; 



a x-pos 

Options do forward chain 

Names none 

Tracing and breakpoints default 

Data type integer 

Initial value 0 

Last recorded value 0 

History keeping spec do not keep history 



TABLE 4 



Class name float-par 
Superior class float-parameter 
Attributes specific to class none 

Default settings options for parameter: do forward chain; 

initial value for float-parameter: 0.0 



Class name 



phenotype-par 
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Superior class float-par 

Attributes specific to class none 

Default settings data type for quantitative-parameter: per-cent 

Class name cell-number-par 

Superior class float-par 

Attributes specific to class none 

Default settings data type for quantitative-parameter: cells 
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Class name 



cell-radius-par 



Superior class float-par 
Attributes specific to class none 

Default settings data type for quantitative-parameter, microns; 

initial value for quantitative-parameter: 10 



Class name cell-mass-par 

Superior class float-par 

Attributes specific to class none 

Default settings initial value for float-parameter: 0.0 



Class name 
Superior class 
Attributes specific to class 
Default settings 



compartment-surface-par 

float-par 

none 

initial value for quantitative-parameter: 9.9e-99; 
data type for quantitative-parameter sq-microns 



Class name 
Superior class 
Attributes specific to class 
Default settings 



compartment-volume-par 

float-par 

none 

initial value for quantitative-parameter: 9.9e-99; 
data type for quantitative-parameter liters 



Class name 
Superior class 
Attributes specific to class 
Inherited attributes 
Default settings 



cell-volume-par 

float-par 

none 

none 

initial value for quantitative-parameter: 1.5e-ll; 
data type for quantitative-parameter: liters 



a cell-volume-par 



Options 



do forward chain 
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Names none 

Data type liters 

Initial value 15e-ll 

Last recorded value 1.5e-ll LITERS 

History keeping do not keep history 



TABLES 

Qass name temperature-par 

Superior class float-par 

Attributes specific to class none 

Default settings initial value for float-parameter 37.0; 

data type for quantitative-parameter: degrees 

Qass name temp-factor-par 

Superior class float-par 

Attributes specific to class none 

Default settings initial value for float-parameter 1.0 

Qass name pH-par 

Superior class float-par 

Attributes specific to class none 

Default settings initial value for float-parameter 7.4 

Qass name pH-factor-par 

Superior class float-par 

Attributes specific to class none 

Default settings initial value for float-parameter: 1.0 

Qass name bias-par 

Superior class float-par 

Attributes specific to class none 

Default settings initial value for float-parameter 0-0 

Qass name alpha-coeff-par 

Superior class float-par 

Attributes specific to class none 

Default settings initial value for float-parameter: 1.0 



Qass name 



tau-coeff-par 

122 



WO 96/22575 

Superior class float-par 

Attributes specific to class none 

Default settings initial value for float-parameter: 1.0 
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Q ass name rate-constant-par 

Superior class float-par 

Attributes specific to dass none 

Default settings initial value for float-parameter. 0.0 



Class name cell-progression-rate-constant-par 

Superior class rate-constant-par 

Attributes specific to class none 

Default settings initial value for float-parameter 0.0 



TABLE 6 



Class name physiol-amount-par 

Superior class float-par 

Attributes specific to class none 

Default settings initial value for float-parameter 9.9e-99 



Class name physiol-conc-par 

Superior class physiol-amount-par 

Attributes specific to class none 

Default settings data type for quantitative-parameter: molar 



Class name physiol-quantity-par 

Superior class physiol-amount-par 

Attributes specific to class none 

Default settings none 



Class name physiol-density-par 

Superior class physiol-amount-par 

Attributes specific to class none 

Default settings data type for quantitative-parameter: upce 

Class name physiol<ell-conc-par 

Superior class physiol-amount-par 

Attributes specific to class none 

Default settings data type for quantitative-parameter ce-p-ml 
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Class name physiol-cell-density-par 

Superior class physiol-amount-par 

Attributes specific to class none 

Default settings data type for quantitative-parameter: ce-p-co 



Class name scaling-density-par 
Superior class float-par 
Attributes specific to class set-by-user is false 

Default settings initial value for quantitative-parameter 99.999; 

data type for quantitative-parameter, upce 



TABLE 7 



Qass name basal-amount-par 

Superior class float-par 

Attributes specific to class none 

Default settings initial value for float-parameter. 9.9e-99 



Class name basal-conc-par 

Superior class basal-amount-par 

Attributes specific to class none 

Default settings data type for quantitative-parameter: m 



Gass name basal-quantity-par 

Superior class basal-amount-par 

Attributes specific to class none 

Default settings data type for quantitative-parameter: units 



Class name basal-density-par 

Superior class basal-amount-par 

Attributes specific to class none 

Default settings data type for quantitative-parameter: upce 



Qass name basal-cell-conc-par 

Superior class basal-amount-par 

Inherited attributes none 

Default settings data type for quantitative-parameter: cepl 
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Class name basal-cell-density-par 

Superior class basal-amount-par 

Inherited attributes none 

Default settings data type for quantitative-parameter: cepco 



TABLE 8 



Class name acttvation-interval-par 

Superior class float-par 

Attributes specific to class none 

Default settings data type for quantitative-parameter seconds 



Class name 
Superior class 
Attributes specific to class 



Class name 
Superior class 
Attributes specific to class 



Class name 
Superior class 
Attributes specific to class 



clock-interval-par 

activation-interval-par 

none 



time-intervai-par 

activation-interval-par 

none 



deactivation-interval-par 

float-par 

none 



Class name timer-count-down-par 
Superior class int-par 
Attributes specific to class none 

Default settings initial value for float-parameter: 86400.0 

data type for quantitative-parameter: seconds 



Class name timer-count-up-par 
Superior class float-par 
Attributes specific to dass none 

Default settings initial value for float-parameter: 0.0; 

data type for quantitative-parameter: seconds 



TABLE 9 



Class name float-pvar 
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Superior class 
Attributes specific to class 
Inherited attributes 
Default settings 
Icon description 
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float-parameter 

none 

none 

options for parameter, do forward chain 
float-pvar-pattern (width 50; height 40) 



Class name entry-pvar 

Superior class float-pvar 

Attributes specific to class none 

Inherited attributes none 

Default settings keep history with maximum number of data points = 4 

Class name scaled-entry-pvar 

Superior class entry-pvar 

Attributes specific to class none 

Default settings initial value for quantitative-parameter: 0.0 

Class name amount-entry-pvar 

Superior class entry-pvar 

Attributes specific to class none 

Default settings initial value for quantitative-parameter: 0.0 



Class nam e 
Superior class 
Attributes specific to class 
Default settings 



conc-entry-pvar . 

amount-entry-pvar 

none 

data type for quantitative-parameter: m 



Class name density-entry-pvar 

Superior dass amount-entry-pvar 

Attributes specific to class none 

Default settings data type for quantitative-parameter: upce 

Class name quantity-entry-pvar 

Superior class amount-entry-pvar 

Attributes specific to class none 

Default settings data type for quantitative-parameter: units 



Qass name 
Superior class 
Attributes specific to class 
Default settings 



cell-conc-entry-pvar 

amount-entry-pvar 

none 

data type for quantitative-parameter: cepl 
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Class name 
Superior class 
Attributes specific to class 
Default settings 



cell-density-entry-pvar 
amou nt-entry-pvar 
none 

data type for quantitative-parameter: cepco 



TABLE 10 



Class name 
Superior class 
Attributes specific to class 
Default settings 



amount-pvar 

float-pvar 

none 

initial value for float-parameter: 9.9e-99; 

keep history with maximum age of data points = 10 minutes 



Class name accumulation-pvar 

Superior class amount-pvar 

Attributes specific to class none 

Default settings none 



Class name 



scated-amount-pvar 



Superior class float-pvar 

Attributes specific to class none 

Default settings initial value for float-parameter: 9.9e-99; 

keep history with maximum age of data points = 10 minutes 

Class name conc-pvar 

Superior class amount-pvar 

Attributes specific to class none 

Default settings data type for quantitative-parameter: m 

Class name density-pvar 

Superior class amount-pvar 

Attributes specific to class none 

Default settings data type for quantitative-parameter: upce 



Class name cell-conc-pvar 

Superior class amount-pvar 

Attributes specific to class none 

Default settings data type for quantitative-parameter: cepl 
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Gass name 
Superior class 
Attributes specific to class 
Default settings 
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cell-density-pvar 

amount-pvar 

none 

data type tor quantitative-parameter: cepco 



Class name quanbty-pvar 

Superior class amount-pvar 

Attributes specific to class none 

Default settings data type for quantitative-parameter: units 



Class name contribution-pvar 
Superior class float-pvar 
Attributes specific to class none 

Default settings initial value for float-parameter: 9.9e-99; 

keep history with maximum age of data points = 10 minutes 



TABLE 11 



Gass name 



rate-pvar 



Superior class float-pvar 

Attributes specific to class none 

Default settings initial value for float-parameter 9.9e-99; 

keep history with maximum age of data points = 10 minutes 

Gass name tranlocation-rate-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 



Class name 
Superior class 
Attributes specific to class 
Default settings 
Class name ■ 
Superior class 
Attributes specific to class 
Default settings 



activation-rate-pvar 

rate-pvar 

none 

none 

interaction-rate-pvar 

rate-pvar 

none 

none 



Class name 
Superior class 



cell-progression-rate-pvar 
rate-pvar 
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Attributes specific to dass none 
Default settings none 



Class name produc-rate-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 



Qass name 
Superior class 
Attributes specific to 
Default settings 



consum-rate-pvar 

rate-pvar 

none 

none 



Qass name output-rate-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 



Qass name input-rate-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 



TABLE 12 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Default settings 



Qass name 
Superior class 
Attributes specific to class 
Menu option 
Default settings 



Class name 
Superior class 
Attributes specific to class 



velocity-pvar 

float-pvar 

none 

not a final menu choice 
none 



enzyme-velocity 

velocity-pvar 

none 

not a final menu choice 
none 



receptor-velocity 

velocity-var 

none 
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not a final menu choice 
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Class name 
Superior class 
Attributes specific to class 
Menu option 



complex-formation- velocity 

velocity-pvar 

none 

not a final menu choice 



Class name complex-dissoc-velocity 

Superior class velocity-pvar 

Attributes specific to class none 

Menu option not a final menu choice 



Class name ion-transport-velocity 

Superior class velocity-pvar 

Attributes specific to class none 

Menu option not a final menu choice 



Class name conf orm<hange-velori ty 

Superior class velocity-pvar 

Attributes specific to class none 

Menu option not a final menu choice 



Class name 
Superior class 
Attributes specific to class 
Menu option 



translocation-velocity 

velocity-pvar 

none 

not a final menu choice 



TABLE 13 



Class name 
Superior class 
Attributes specific to class 
Inherited attributes 
Default settings 



Stubs 



float-var 
float-variable 
none 
none 

options for variable: do forward chain, do not backward chain; 

data server: G2 simulator; 

validity interval: indefinite; 

supply simulation-subtable 

inherited 



Class name 



velocity-var 
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Superior class float-var 

Attributes specific to class none 

Menu option a final menu choice 

Default settings none 



Class name kinetic-parameter-var 

Superior class float-var 

Attributes specific to class none 

Menu option a final menu choice 

Default settings initial value for float-variable: 9.9e-99 



TABLE H 



Class name model-block-var 
Superior class float-var 
Attributes specific to class none 

Default settings default update interval: 3 seconds 

supply simulation subtable; 



Class name model-block-output-var 

Superior class float-var 

Attributes specific to class none 

Default settings validity interval: indefinite; 

keep history with maximum age of data points = 20 minutes; 
initial value for float-variable l.Oe-19; 
default update interval: 3 seconds 



Class name graph-transf-var 
Superior class float-var 
Attributes specific to class none 

Default settings initial value for float-variable: 0.0; 

default update interval: 3 seconds; 

keep history with maximum age of data points = 10 minutes 



TABLE 15 



Class name transf-factor-var 
Superior class float-variable 

Attributes specific to class transform is given by a graph-transf-var; 
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Inherited attributes 
Default settings 



Attribute displays 



Icon description 



ref -variable- 
label; 
xis x 
none 

initial value for float-variable: 0.0; 

default update interval: 3 seconds; 

keep history with maximum number of data points = 3 

label offset by (-148, 7); 

x offset by (-20, 7) 

last-recorded-value offset by (-10, 6); 
transf-factor-var-pattern (width 320; height 24) 



Class name velocity-transf-factor 
Superior class transf-factor-var 
Attributes specific to dass label is scaled-velocity 



Class name 
Superior class 
Attributes specific to class 



Oass name 
Superior class 
Attributes specific to class 



Class name 
Superior class 
Attributes specific to class 

Class name 
Superior class 
Attributes specific to class 

Class name 
Superior class 
Attributes specific to class 



Oass name 
Superior class 
Attributes specific to class 



input-transf-factor 
transf-factor-var 
label is input-rate 

output-transf-factor 
transf-factor-var 
label is output-rate 



accum-transf-factor 

transf-factor-var 

label is accumulation- rate 



scaled-amount-transf-factor 

transf-factor-var 

label is scaled -cone 



density-transf-factor 
transf-factor-var 
label is density 



conc-transf-factor 
transf-factor-var 
label is concentration 
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Class name 
Superior class 
Attributes specific to class 

Default settings 
Attribute displays 
Icon description 



query-array 

symbol-array 

major-class; 

ref-component-dass 

initial values for symbol-array: none 

ref -component-class at (-10, -15) 

query^array-pattern (width 38; height 38; medium-orchid, cyan) 



a query-array 



Names none 

Array length 0 

Element type symbol 

Initial values none 

Major class none 

Ref component dass none 



TABLE 17 



Class name references-array 

Superior class text-array 

Attributes specific to dass none 

Default settings initial values for symbol-array: none 

Attribute displays ref-component-class at (-10, -15) 

Icon description references-array-pattern (width 38; height 38; violet, cyan) 



TABLE 18 



Class name query-list 

Superior class symbol-list 

Attributes specific to class lenght is 0; 

ref-array 

Default settings allow duplicate elements for g2-list: no 

Attribute displays ref-array at (-10, -15) 

Icon description query-list-pattern (width 36; height 40; almon: medium-blue) 



a query-list 
Names none 
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Element type symbol 

Allow duplicate elements? no 

Lenght 0 

Ref array none 
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TABLE 19 



Qassname 
Superior class 
Attributes specific to class 
Class restrictions 

Default settings 
Attribute displays 



scroll-text-list 
text-list 

label is scroll-list 

unless in administrator or developer mode: 
selecting any c-scroll-text-list implies describe 
allow duplicate elements for g2-list no 
label offset by (-32, -25) 



TABLE 20 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 

Icon description 



bioitem-list 
item -list 
none 

unless in administrator or developer mode: 
selecting any bioitem-list implies describe 
bioitem-list-pattern (width 36; height 40) 



Qassname 
Superior class 
Attributes specific to class 
Default settings 

Attribute displays 
Icon description 



experiment-selections-list 
bioitem-list 

label is "Exper. Selections" 
allow duplicate elements for g2-list no; 
element type for item-list: experiment-selection 
label offset by (-65, -26) 

experiment-selections-list-pattern (width 36; height 40) 



□ass name bioreservoirs-list 
Superior class bioitem-list 

Attributes specific to class list-is-completed has values true or false (default is FALSE); 

label 

Default settings element type for item-list: bioreservoir; 

allow duplicate elements for g2-Hst: no — 
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Icon description bioreservoirs-list-pattern (width 36; height 40) 



Class name 
Superior class 
Attributes specific to class 
Attribute displays 



downs tream-bioreservoirs-list 

bioreservoirs-list 

label is "DBRL" 

label offset by (-26, -25) 



Class name bioprocesses-list 
Superior class bioitem-list 

Attributes specific to class list-is-completed has values true or false (default is FALSE); 

label 

Default settings element type for item-list: bioprocess; 

allow duplicate elements for g24ist no 
Icon description inherited 



Class name 
Superior class 
Attributes specific to class 
Attribute displays 



downstream -bp-simulation-iist 
bioprocesses-list 
label is "SDBPL" 
label offset by (-30, -25) 



Class name bm-downstream-bp-simulation-list 

Superior class downstream-bp-simulation-list 

Attributes specific to class ref-biomodel 

Inherited attributes label is "SDBPL* 

Attribute displays inherited 



Class name neural-inputs-list 

Superior class bioitem-list 

Attributes specific to class label is "N.In" 

Attribute displays label offset by (-25, -26) 

Icon description neural-inputs-pattern (width 36; height 40) 



Qassname 
Superior class 
Attributes specific to class 
Attribute displays 
Icon description 



neural-outputs-list 

bioitem-list 

label is "N.Out" 

label offset by (-25, -26) 

neural-outputs-list-pattern (width 36; height 40) 



135 



WO 96/22575 
Class name 
Superior class 
Attributes specific to class 
Attribute displays 
Icon description 
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pa thcross -bp-list 

bioprocesses-list 

label is "XBPL" 

labd offset by (-26, -25) 

pathcross-bp-pattern (width 36; height 40) 



Class name 
Superior class 
Attributes specific to class 
Attribute displays 
Icon description 



pathcross-br-Jist 

bioreservoirs-list 

label is "XBRL" 

label offset by (-26, -25) 

pathcross-bHist-pattern (width 36; height 40) 



TABLE 21 



Class name 
Superior class 
Attributes specific to class 
Menu option 



biotool 

object 

none 

not a final menu choice 



TABLE 22 



Class name model-block 
Superior class biotool 

Attributes specific to class output-1 is given by a model-block-output-var 



Class restrictions 



Menu option 
Icon description 



unless in developer mode: menu choices exclude additionally: move, name 

change-size, color, describe, create-subworkspace; 
when in simulation, navigation, or general mode: 
menu choices exclude additionally: clone, delete; 
attributes visible exclude additionally: notes, names 
not a final menu choice 
model-block-pattern 



Gass name proportional.f 
Superior class model-block 

Attributes specific to class input-1 is given by a model-block-var; 

gain is 1.0; 
bias is 0.0 



Class name 



sigmoid.f 
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Superior class model-block 
Attributes specific to class input-1; 

gain is 1.5; 

bias is O.O 



Class name exp.cpdf 
Superior class model-block 
Attributes specific to class mean is 0.0; 

x-val is given by a model-block-var 



Class name unif.c.pdf 
Superior class model-block 
Attributes specific to class min-val is 1.0e-5; 

max-val is 1.0; 

x-val is given by a model-block-var 



Class name unif.m.f 
Superior class model-block 
Attributes specific to class min-val is 1.0e-5; 

max-val is 1.0 



Class name normal. i.pdf 

Superior class model-block 
Attributes specific to class mean is 0.0; 

min-val is 1.0e-5; 

max-val is 1.0; 

x-val 



Class name 
Superior class 
Attributes specific to 



sin.time.f 
model-block 
min-yal is 1.0e-5; 
max-val is 1.0; 
frequency is 25; 
gain is 2; 
bias is 1.0 



Class name genericmodel .block 

Superior class model-block 

Attributes specific to dass p.l; p.2; p.3; p.4; p.5; p.6; p.7; p.8; p.9; v.l; v.2; v.3; v.4; v5; v.6; v.7; v.8; v. 1 

Icon description generic.model.block-pattern (omitted) _ 
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Class name 
Superior class 
Attributes specific to class 



Class restrictions 



Menu option 
Attribute displays 
Stubs 

Icon description 



inference-block 
object 
label is""; 
description is ""; 

outcome is given by an outcome-par; 
beta-coef f is given by a beta-coeff-par 

unless in developer mode: menu choices f exclude additionally: move, name, 

change-size, color, describe, create-subworkspace, rotate-reflect- 
when in simulation, navigation, or explorer mode 
menu choices for model-block exclude additionally: clone, delete; 
attributes visible for model-block exclude additionally: notes, names, 
user-restrictions 
not a final menu choice 
label offset by (-35, 45) 
a p-connection located at right 26 
width 52; height 52,-foreground: blue 



Class name 
Superior class 
Attributes specific to class 
Menu option 



deactivation-block 

inference-block 

none 

not a final menu choice 



Class name time-deactivation-block 
Superior class deactivation-block 

Attributes specific to class time-interval is given by a deactivation-imerval-par; 

time-threshold is 9.9e99 



Class name 
Superior class 
Attributes specific to class 



event-deactivation-block 

deactivation-block 

none 



Class name 
Superior class 
Attributes specific to class 
Icon description 



Class name 
Superior class 



activation-block 
inference-block 
none 
inherited 



time-activation-block 
activation-block 
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Attributes specific to class 



Icon description 



time-interval is given by an activation-interval^par; 

time-threshold is 9.9e99 

inherited 
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Class name checkpoint-to-floor-block 

Superior class activation-block 

Attributes specific to class checkpoint is given by a checkpoint-var; 

threshold is 9.9e99 
Icon description inherited 



Class name checkpoint-to-ceiling-block 

Superior class activatkHvblock 

Attributes specific to class checkpoint is given by a checkpoint-var; 

threshold is 9.9e99 
Icon description inherited 



a checkpoint-to-ceiling-block 

Names none 
Label 

Description "" 

Outcome within-threshold 

Beta coeff 00 

Checkpoint **** 

Threshold 9.9e99 



TABLE 24 



button 
biotool 

toggle-state has values show or hide (default is HIDE) 
button-pattern (width 22; height 22; dark- color , light-color) 

Qass name action-button 
Superior class burton 
Attributes specific to class label; 

state has values enabled or disabled; 

action-proc-name; 
Class restrictions unless in administrator mode: 

selecting any action-button implies select; 

unless in administrator, developer, or modeler mode: 
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Class name 
Superior class 
Attributes specific to class 
Icon description 
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non-menu choices exclude additionally: move-object 



Class name hide-sup-ws-button 

Superior class action-button 

Attributes specific to class action-proc-name is HIDE-SUP-WS-CALLBACK 

Icon description hide-sup-ws-button-pattem 



TABLE 25 



an user-menu-choice 

Label select 

Applicable class action-button 

Condition the state of the item is enabled 

Action start BUTTON-HANDLER -CALLBACK (the item, this window) 



BUTTON-HANDLER-CALLBACK (button: class action-button, win : class window) 
start the procedure named by the action-proc-name of button (button, win); 
change the color-pattern of button so that light-color is light-gray, dark-color is dim-gray ; 
conclude that the toggle-state of button is show; 
if button has a face-color FC then change FC to gray 



TABLE 26 

HTDE-SUP-WS-CALLBACK (button: class action-button, win: class window) 
WS = the workspace of button; 
OBJ = the object superior to WS; 
change the size of WS to minimum; 
hide WS on win; 

if the user-mode of win is not simulation then: 
if OBJ is a bioprocess then: change the status-color of OBJ to slate-blue 
else if OBJ is a bioreservoir then: change the status-color of OBJ to medium-aquamarine; 

if the toggle-state of OBJ is show then conclude that the toggle-state of OBJ is hide; 



TABLE 27 



Class name change-mode-button 
Superior class action-button 

Attributes specific to class action-proc-name is CHANGE-MODE-CALLBACK; 
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mode has values administrator, developer, modeler, explorer, 
simulation, default is MODELER 
Icon description change-mode-button-pattern 



CHANGE-MODE-CALLBACK (button: class change-mode-button, win: class window) 
mode = the mode of button; 
call CHANGE-MODE-PROC {mode, win); 
for each change-mode-button B upon the workspace of button do 

change the color-pattern of B so that face is forest-green; 

change the color-pattern of button so that face is green; 
return; 



CHANGE-MODE-PROC (mode: symbol, win : dass window) 
if the text of the g2-user-mode of win /= "simulation" and mode is simulation then 
inform the operator that The subworkspaces of all bioReservoirs and all 
bioProcesses will be deactivated"; 
for BR = each bioreservoir do 
allow other processing; 
if the subworkspace of BR exists then 
deactivate the subworkspace of BR; 
change the status-color icon-color of BR to aquamarine ; 
inform the operator that The subworkspaces of all bioReservoirs have been deactivated"; 
for BP = each bioprocess do 
allow other processing; 
if the subworkspace of BP exists then 
deactivate the subworkspace of BP; 
change the status-color icon-color of BP to aquamarine; 
inform the operator that The subworkspaces of all bioProcesses have been deactivated''; 
else 

if the text of the g2-user-mode of win = "simulation" and mode is not simulation then 
inform the operator that The subworkspaces of all 

bioReservoirs and all bioProcesses will be activated"; 
for BR = each bioreservoir do 
allow other processing; 

if the subworkspace of BR exists then activate the subworkspace of BR; 
inform the operator that The subworkspaces of all bioReservoirs have been activated"; 
for BP = each bioprocess do 

allow other processing; 

if the subworkspace of BP exists then activate the subworkspace of BP; 
inform the operator that The subworkspaces of all bioProcesses have been activated"; 
case (mode) of 

141 



WO 96/22575 

administrator: change the text of the g2-user-mode of win to "administrator"; 
developer: change the text of the g2-user-mode of win to "developer"; 
modeler change the text of the g2-user-mode of win to "modeler"; 
general : change the text of the g2-user-mode of win to "general"; 
navigation : change the text of the g2-user-mode of win to "navigation"; 
simulation: change the text of the g2-user-mode of win to "simulation" 
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TABLE 28 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 
Menu option 
Icon description 



path-tracer 
button 



none 



unless in developer mode: selecting any c-path-tracer implies show 
not a final menu choice 
path-tracer-pattern (width 14; height 21) 



Qass name down-path-tracer 

Superior class path-tracer 

Attributes specific to class none 

Icon description down-path-tracer-pattern 



Qass name 
Superior class 
Attributes specific to class 
Icon description 



up- path-tracer 

path-tracer 

none 

up-path-tracer-pattern (width 14; height 20) 



Class name navig-path-tracer 

Superior class path-tracer 

Attributes specific to class none 

Icon description up-path-tracer-pattern (width 14; height 20) 



TABLE 29 



Label 

Applicable class 

Condition 

Action 



an user-menu-choice 

show 

path-tracer 
none 

start PATH-TRACER-HANDLER-PROC (the item, this window) 
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PATH-TRACER-HANDLER-PROC (tracer class path-tracer, win: class window) 

if the toggle-state of tracer is hide then 

if the subworkspace of tracer exists then 

case the class of tracer is 

up-path-traeer. call DRAW-UP-PATHWAY-PROC (tracer, win); 

down-path-tracer : call DRAW-DO WN-PATHWAY-PROC (tracer, win); 

complex-down-path-tracer : call DRAW-COMPLEX-DO WN-PATHWAY-PROC (tracer, win); 

if the toggle-state of tracer is show then 

if the SW of tracer exists then hide the SW of tracer; 

call CONFIGURE-TRACER-PROC (tracer, win); 

return 



CONFIGURE-TRACER-PROC (tracer: class tracer, win: class window) 
case the toggle-state of tracer is 
hide 

change the color-pattern of tracer so that light-color is dim-gray, dark-color is light-gray , white- 
color = the symbol black; 

conclude that the toggle-state of tracer is show; 
show: 

change the color-pattern of tracer so that light-color is light-gray, dark-color is dim-gray , white- 
coIot = the symbol white; 
conclude that the toggle-state of tracer is hide; 
return 



TABLE 30 



Class name lists-tracer 
Superior class button 
Attributes specific to class none 

Class restrictions unless in administrator or developer mode 

selecting any lists-tracer implies show; 
non-menu choices exclude additionally: move-object; 
Menu option not a final menu choice 

Icon description lists-tracer-pattern (width 14; height 21) 



□ass name 
Superior class 
Attributes specific to class 
Icon description 



bp-chaininig-tracer 

lists-tracer 

none 

bp-chaininig-tracer-pattern 
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Class name br-chami rug-tracer 

Superior class lists-tracer 

Attributes specific to class none 

Icon description br-chaininig- tracer-pattern (width 14; height 20) 



Class name basal-density-source-tracer 

Superior class lists-tracer 

Attributes specific to class none 

Icon description basal-density-source-tracer-pattern (width 24; height 24) 



Class name 
Superior class 
Attributes specific to class 
Icon description 



br-scroll-tracer 

lists-tracer 

none 

br-chaininig-tracer-pattern (width 116; height 30) 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Icon description 



query-tracer 

lists-tracer 

none 

unless in developer mode: 

selecting any query-tracer implies show; 

non-menu choices exclude additionally: move-object; 
lists-tracer-pattern (width 14; height 21) 



TABLE 31 



an user-menu-choice 

Label show 
Applicable class lists-tracer 
Condition none 

Action start L1ST-TRACER-HANDLER-PROC (the item, this window) 



LIST-TRACER-HAND LER-PROC (tracer class tracer, wire class window) 
if the toggle-state of tracer is hide then 
casethe class of tracer is: 

bp-chaininig-cracer. call BP-CHAEMING-PROC (the bioprocess superior to the WS of tracer, win); 

br-chaininig-tracer : call BR-CHAINING-PROC (the bioreservoir superior to the WS of tracer,win); 

br-scroll-tracer: call BR-SCROLL-PROC (tracer, win); 
else if the toggle-state of tracer is show and the SW of tracer exists then 

delete the subworkspace of tracer; 
call CONFIGURE-TRACER-PROC (tracer, win); 

144 



WO 96/22575 
return 



PCT/US96/00883 



TABLE 32 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 

Menu option 
Icon description 



graph-tracer 

button 

none 

when in simulation or developer mode: 

selecting any graph-tracer implies show-plot; 
not a final menu choice 
graph-tracer-pattern (width 14; height 20) 



Class name 
Superior class . 
Attributes specific to class 
Icon description 



scaled-br-graph-tracer 

graph-tracer 

none 

scaled-br-graph-tracer-pattern (width 14; height 20) 



Class name absolute-br-graph-tracer 

Superior class graph-tracer 

Attributes specific to class none 

Icon description absolute-br-graph-tracer-pattern (width 14; height 21} 



Class name 
Superior class 
Attributes specific to class 
Icon description 



scaled-bp-graph-tracer 

graph-tracer 

none 

scaled-bp-graph-tracer-pattern (width 14; height 20) 



TABLE 33 
. an user-menu-choice 

Label show-plot 
Applicable class graph-tracer 

Condition the user-mode of this window is simulation or the user-mode of this window is 

developer 

Action start GRAPH-TRACER-HANDLER-PROC (the item, this window) 



GRAPH-TRACER-HANDLER-PROC (tracer: class graph-tracer, win: class window ) 
if the toggle-state of tracer is hide then: 
if the SW of tracer exists then 
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make the SW of tracer transient; 
delete the SW of tracer; 
case the class of tracer is 
scaled-br-graph-tracer. call SCALED-BR-TRANSF-GRAPH-PROC (tracer, win); 
scaled-bp-graph-tracer: call SCALED-BP-TRANSF-GRAPH-PROC (tracer, win); 
absolute-br-graph-tracer call ABSOLUTE-BR-TRANSF-GRAPH-PROC (tracer, win); 
else if the toggle-state of tracer is show then: 
delete the SW of tracer; 

call C0NF1GURE-TRACER-PR0C (tracer, win); 
return 



TABLE 34 



reference-block 
biotool 

id, with an index; 

short-ref is "", with an index; 

unique-identifier, with an index; 

author-sis "Smith AB. Morris AD. "; . 

titleis™; ~ 

institution is "Dept, Institution, Country"; 

journal is "Journal Full Name Ref; . 

abstract is"" 

unless in developer or modeler mode 

menu choices exclude additionally: transfer, name, rotate-reflect, , 
change-size, disable, describe; 

attributes visible xciude additionally: user-restrictions, names, id; 

selecting any cabe-reference implies table 
short-ref offset by (8, 14) 
reference-pattern (width 27; height 35) 



TABLE 35 



Class name bio-object-title 
Superior dass biotool 

Attributes specific to class label is "long.name.of.biomodel" 

Class restrictions unless in developer mode: menu choices exclude additionally: delete, 

transfer, name, disable, describe, create-subworkspace 
Attribute displays label offset by (-72, -7) — 
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Class name 
Superior class 
Attributes specific to class 



Class restrictions 



Attribute displays 
Icon description 
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Icon description 



bio-object-title-pattern (width 130; height 2) 
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TABLE 36 



MESSAGE DEFINITIONS 



Class name 


cabe-reference-message 


Superior class 


message 


Attributes specific to class 


none 


Default message properties 


none 


Class name 


sequence-display 


Superior class 


message 


Attributes specific to class 


id, with an index; 




label is"" 


Default message properties 


minimum-with is 100; 




text-color is transparent; background color is foreground 


TABLE 37 


Class name 


entry-panel 


Superior class 


uil-tailored-dtalog 


Attributes specific to class 


id is "", with an index; 




related-item is none; 




current-simulation-time is given by an elapsed-simul-time-par; 




current-simulation-nme-increment is given by an elapsed-simul-time-par 


Menu option 


a final menu choice 


Inherited attributes 


several proprietary attributes 


Icon description 


entry-panel (width 80; height 100; dark-color , light-color , white-color) 


Class name 


query-panel 


Superior class 


uil-tailored-dialog 


Attributes specific to class 


id is with an index; 




related-item is none 


Inherited attributes 


several proprietary attributes 


Icon description 


entry-panel (width 80; height 100; dark-color , light-color, white-color ) 


TABLE 38 



CONNECTION DEFINITIONS 
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Qass name p-connection 

Superior class connection 
Attributes specific to class none 

Inherited attributes none 

Cross section pattern core = dim-gray, cover = green; 1 cover, 2 core, 1 cover 

Stub length 8 
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Qass name 
Superior class 
Attributes specific to class 
Inherited attributes 
Cross section pattern 
Stub length 



r-connection 
connection 
none 
none 

core = red, cover = dim-gray; 2 cover, 2 core, 2 cover 
8 



Qass name model-box-connection 

Superior class connection 

Attributes specific to class none 

Inherited attributes none 

Cross section pattern core = red, cover = green; 2 cover, 2 core 

Stub length 8 



Qass name 
Superior class 
Attributes specific to class 



Cross section pattern 
Stub length 



cycle-path 

connection , 
tau-coeff is given by a tau-coeff-par; 

rate-constant is given by a cell-progression-rate-constant-par; 

progression-rate is given by a cell-progression-rate-pvar 
core = gray, cover = green; 2 cover, 6 core, 2 cover 
10 



TABLE 39 



Qass name 
Superior class 
Attributes specific to class 
Class restrictions 

Menu option 



biopost 

connection-post 

toggle-state has values show or hide (default is HIDE) 

unless in administrator or developer mode attributes visible exclude 

additionally: superior-connection, toggle-state 
not a final menu choice 



TABLE 40 
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Class name 
Superior class 
Attributes specific to class 

Class restrictions 

Menu option 
Icon description 



bio-object 
object 

label is "", with an index; 
description is ~ 

unless in administrator, developer, or modeler mode: 

menu-choices exclude additionally: move-object, rotate-reflect 
not a final menu choice 
bio-object-pattern 



□ass name 
Superior class 
Attributes specific to class 
Menu option 
Icon description 



bionode-object 

bio-object 

none 

not a final menu choice 
inherited 



Class name bioview-object 
Superior class bio-object 
Attributes specific to class references is ""; 

warnings is ""; 

toggle-state has values show or hide (default is HIDE) 
Menu option not a final menu choice 

Icon description inherited 



TABLE 41 



+ BioEntity 
I. Simple-bioEntity 
A. Protein-site 

Ligand-site 

Catalyticsite 

Tyrsite 
Ser.site 
Thr^ite 
Cys.site 



Myristoylation-site 

Protein-loss-of-function-mutation 
Protein-gain-of-function-mutation 

B. Protein-modified-group 
Tyr.P-group 
Ser.P-group 
Thr.P-group 
Disulphide-bridge 
Isoprenylated-group 
Myristoylated-group 



lsoprenyiation-site 
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D. DNA-binding-sile 
Transcription-element 
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Superb arrel-domain 
8-stranded -barrel -domain 



Enhancer-element 
Promoter-proximal-element 
Response-element 
Activator-site 

E. DNA-modificaUon-eite 

Methylatiorusite 

F. RNA-binding-site 
G. 

II. Complex-bio Entity 
A. BioEntity-Component 
1. Protein-Component 

a. Protein-domain 
Cytoplasmic-domain 
Transmembrane-domain 
Extracellular-domain 
COO H-terminal -domain . 
NH2-terminal-domain 
Protein-spacer 
SH2 -domain 
SH3-domain 
HSP-domain 
Alpha -6-domain 
S-sheet-domain 
Helix-turn-helix-domain 
Ig-fold-domain 
Ig-CHl-domain 

Collagen-domain 
Rbronectin-type-IQ-domain 



b. Protein-motif 
Leuan-zipper-mob f 
Zinc-finger-motif 
Alpha-helix-motif 
Helix-turn-motif 
d-strand-mottf 
EF-hand-motif 
Trefoil-motif 
Greek-key-motif 
Loop-region-motif 
Signal-peptide-motif 

c. _ 

2. DNA-Component 

a. DNA-doiruin 

Operator 

Promoter 

b. DNA-motif 
TATA-box 

c. RNA-domain 

d. RNA-motif 

3. Membrane 
Plasma.Membrane 
Nuclear.Membrane 

B. Molecule 
1. Protein 
a. Active.polypeptide 
Cytokine 
EPO.iike 
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ILZJike 

IU.like 

IL6.1ike 

IL7.1ike 

UF.Iike 

Growth-factor 
EGF.like 

PDCF.like 

Peptide.hormone 
GH.like 

Insulin.like 

b. Receptor 
PTK.Rcp 
EGF.R.like 
EGF.R 
erbB3 

PDGF.R.Hke 

InsuIiruRlike 

FGF.RJike 

PSTK.Rcp 
PPase.Rcp 
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Hematopoietin-Rlike 

Ig.Rlike 
ILl.Rlike 



G.coupled.Rlike 
IL8.RIike 



Steroid-receptors 



Receptor -complex 
PTK Rep. complex 
EGF.R.likecomplex 
EGF-EGF.R 
EGF-HER-2/neu 
EGF-«rbB3 

PDGF.R.Iikecomplex 
PDGF-PDGF.R 
CSFl-CSFl.R/rms 

Insulin.Rlikecomplex 
Insulin- lnsulin.R 
IGF-IGF1.I 

FGF.Rlike.complex 
FGF-FGF.R 

Hematop.R.like.complex 
GPlSO.complex 
IL2.Rg .complex 

Ig.Rlike.complex 
ILl.Rlike.complex 

Gcoupled.R.likecomplex 
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ILAR-likecomplex 

c. Enzyme 
P.tyr.kinase 

P.ser.Thr.kinase 
p85 Rsk S6-kinase 
p70 S6-kinase 

P.tyr.Pjse 
P.ser.Thr.P.ase 

Phosphorilase 

Synthetase 

RNA.Polymerase.II 
Topoisomerase-II 

Enzyme-complex 

d. Transcription-factor 
jun-like 
cjun 
Fos 

NF.kElike 

NF.IL2A.like 

SPl.like 

TFlID.like 

TFHB.like 
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TFHElike 



Complex, transcrip-factor 
AP.l.like 

NF.AT.Iike 



e. Repressor.f actor 

f . Histone 
HI 

g. Ribosonal.protcin 
6S 

405 
70S 

h. Cytoskeleton.protein 
Act in 

Myosin 
Tubulin 

i. Ion.channef 

Voltage-gated<hannel 
Volt-gated-Ca++-channel 

LigandGatedChannd 
Ca++-gated-K+-channel 

j. Transplantatioiuantigen 

MHCI 

MHCn 

k. Adhesion.protein 
Integrin 

Cadherin 
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Selectin 

1. Immunoglobulin 

IgG 

IgM 
IgA 

m. ECM.protein 
Fibronectin 

Collagen 

Adhesin 

2. Nucleic.acid 

a. DNA 
Gene 

cDNA 

b. mRNA 

c. rRNA 

d. tRNA 

e. Oligonucleotide 

3. Carbohydrate 

a. Polysacharide 

4. Lipid 

a. Steroid.hormone 
Estrogen 
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b. Prostaglandin 

c. Leukotrienes 

d. Phospholipid 

e. Isoprene 

f. Fatty.acid 

5. Small.molecule 
a. Nucleotide 
ATP 
GTP 
cAMP 



b. Aminoacid 

c. Vitamin 
d. Retinoid 

e. Sugar 

f. Ion 

Cation 



III. Heter-Mol-Complex 

A. TF-DN A .Complex 
E2F-RB-DNA.complex 

B. Nudeosome 
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TABLE 42 



Class name 
Superior class 
Attributes specific to dass 

Class restrictions 



Menu option 
Inherited attributes 

Icon description 



bioentity 
bioobject 
id is ""; 

references is ""; 

unless in developer mode menu choices exdude additionally: 

go-to-subworkspace, disable, describe, name, move; 
when in simulation, navigation, or general mode: 

menu choices for bioentity exdude additionally: transfer, done, 
change-size, color, create-local, delete; 

non-menu choices exdude additionally: move-object, move-connection, 
click-to-edit 
not a final menu choice 
label is "", with an index; 
description is 

bioentity-pattern (width 100; height 80; dark-color , light-color, white-color, 
type-color , status-color ) 



TABLE 43 



Class name 
Superior class 
Attributes specific to dass 

Class restrictions 

Menu option 



simple-bioentity 
bioentity 
position is ""; 

superior-bioentity, with an index; 
when in developer or modeler mode: 

menu choices for simple-bioentity include additionally: rotate-reflect 
not a final menu choice 



Class name 
Superior dass 
Attributes specific to dass 
Menu option 
Attribute displays 

Stubs 

Icon description 



protein-site 

simple-bioentity 

none 

not a final menu choice 
position at standard position; 
label offset by (-30, 35) 
a link located at bottom 14 
width 28; height 40; 
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Class name ligand.site 

Superior class protein-site 

Attributes specific to class none 

Icon description ligand.site-pattern (width 36; height 26; lime-green) 

Class name tyr^ite 

Superior class protein-site 

Attributes specific to class none 

Icon description tyr .site-pattern (width 28; height 40; green) 



Qass name 
Superior class 
Attributes specific to class 
Menu option 
Attribute displays 

Stubs 

Icon description 



protein-modified-group 

simple-bioentity 

modifiers is 

not a final menu choice 

position at standard position; 

label offset by (-30,35) 

a link located at bottom 15 

protein-modified-group-pattern (width 30; height 32) 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



gly.isoprenyUinker 

protein-modified-group 

none 

a link located at right 20 

gly.isoprenyUinker-pattern (width 66; height 36; violet) 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



tyr.p-group 

protein-modified-group 

none 

inherited 

tyr.p-group-pattern (width 30; height 32; green) 



TABLE 44 



Qass name complex-bioentity 
Superior class bioentity 

Attributes specific to class toggle-state has values show or hide (default is HIDE) 

warnings is ""; 

master-bioentity, with an index 
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Menu option 



not a final menu choice 
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Class name bioentity-component 
Superior class complex-bioentity 
Attributes specific to class superior-bioentity; 

position is "" 

Class restrictions when in developer or modeler mode: 

menu choices for bioentity-component include additionally: rotate-reflect 
Menu option not a final menu choice 



Class name membrane 

Superior class bioentity-component 

Attributes specific to class none 

Menu option not a final menu choice 

Icon description membrane-pattern (width 20; height 130; 

Class name plasma-membrane 

Superior class membrane 

Attributes specific to class none 

Icon description plasma-membrane-pattern 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Attribute displays 



protein-component 

bioentity-component 

none 

not a final menu choice 
label offset by (45, -45) 



Class name protein-domain 
Superior class protein-component 
Attributes specific to class none 
Attribute displays label offset by (-42, 16); 

position offset by (-47, -25) 
Stubs a link located at top 40; 

a link located at right 23; 

a link located at bottom 40; 

a link located at left 23 
Icon description protein-domain-pattern (width 80; height 46) 



Class name 



fibronectin-type-in-domain 
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Superior class protein-domain 

Attributes specific to class none 

Icon description fibronectin-type-III-domain-pattern 



Class name 
Superior class 
Attributes specific to class 
Menu option 



dna -component 
bioentity.component 
size is 0 BASE-PAIRS 
not a final menu choice 



Class name dna-motif 
Superior class dna -component 

Attributes specific to class position is "" 
Menu option a final menu choice 

Stubs a link located at top 40; 

a link located at right 23; 

a link located at bottom 40; 

a link located at left 23 
Icon description dna-domain-pattern (width 80; height 46) 



Class name tata-box 

Superior class - dna-motif 

Attributes specific to class none 

Icon description tata-box-pattern 



TABLE 45 

Class name molecule 
Superior class complex-bioentity 
Attributes specific to class synonims is ™; 

in-species is " "; 

in-tissues is " "; 

in<ellsis""; 

in-organelles is"" 
Menu option not a final menu choice 

Stubs a link located at top 50; 

a link located at right 40; 

a link located at bottom 50; 

a link located at left 40 
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Oass name 
Superior class 
Attributes specific to class 



Icon description 
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protein 
molecule 

cas-number is 00000-00-0, with an index; 

number-amino-acids 

sequence is " "; 

mol-weight is 0 DALTONS, with an index; 
isoelectric-point is 0.0; 

protein-pattern (width 100; height 80; dark-color, light-color, white-color, 
type-color, status-color; 



Qass name enzyme 
Superior class protein 

Attributes specific to class cas-number is "EC O-O-O-OOO", with an index; 

substrates-info is ""; 

inhibitors-info is ""; 

ligand-info is "" 
Menu option not a final menu choice 

Icon description enzyme-pattern (width 100; height 80; dark-color , light-color, 

type-color = red, status-color = dark-gray; 



Qass name p.tyr.kinase 

Superior class enzyme 

Attributes specific to class none 

Icon description p.tyr.kinase-pattern ( type-color = coral) 



a p.tyr.kinase 
Names 
Label 

Description 
Id 

Toggle state 
References 
Master bioentity 
Synonims 
In species 
In tissues 
In cells 
In organelles 
Cas number 
Mol weight 
Isoelectric point 



none 



hide 



none 



"EC 0-0-0-000" 
0 DALTONS 
0.0 
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Sequence ~ 

Substrates info *" 

Inhibitors info ~ 

Ligands info ™ 



TABLE 46 



Class name 
Superior class 
Attributes specific to class 

Class restrictions 

Attribute displays 
Icon description 



bioentity-notes 
biotool 

label is "", with an index; 

toggle-state has values show or hide (default is HIDE) 
unless in administrator or developer mode 
selecting any bioentity-notes implies details 
label offset by (-42, 20) 

bioentity-notes-pattern (width 74; height 48; dark-color - 
dim-gray, light-color = light-gray, white-color = white; 



Class name 
Superior class 
Attributes specific to class 



Icon description 



mol. sequence 

bioentity-notes 

label is "", with an index,*' 

lenght is ""; 

description is ""; 

references is ""; 

id, with an index; 

action-proc-name is crb-go-to-subws; 

toggle-state has values show or hide (default is HIDE) 

moLsequence-pattern 



Class name 
Superior class 
Attributes specific to class 



Icon description 



function, notes 

bioentity-notes 

label is with an index; 

references is ""; 

toggle-state has values show or hide (default is HIDE) 
function-notes-pattern 



Class name 
Superior class 
Attributes specific to class 
Icon description 



reference.notes 
bioentity-notes 
none 

reference.notes-pattern 
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Class name 
Superior class 
Attributes specific to class 



Icon description 



PCTAJS96/008S3 



dendrogram 

bioentity-notes 

label is "Dendrogram"; 

references is ""; 

comments is 

dendrogram-pattern 



TABLE 47 



Class name 
Superior class 
Attributes specific to class 



bioreservoir 
bioview-object 

references is given by a references-array; 
compartment is **"; 
ref-bioentity is none; 
master-bioreservoir is none; 

status has values available, selected, selected-for-input, selected-for-output, 
down-selected, up-selected, forw-activated, back-activated, downstream- 
activated, upstream-activated, or deactivated (default is AVAILABLE), 

decay-rate-factor is 2.0e-4; 

if-scaling-bioreservoir is none; 

if-scaling-amount is 100; 

scaled-basal-amount is 9.9e-9; 

physiol-abundance has values highest, abundant, steady-state, 
low-induced, or only-induced (default is ONLY-INDUCED) 
Capabilities and restrictions activatable-subworkspace 



Class restrictions 



Menu option 
Attribute displays 
Icon description 



unless in administrator or developer mode: 

menu choices exclude additionally: go-to-subworkspace, clone; 

attributes visible exclude additionally: status; toggle-state, master-bioreser; 
when in simulation, navigation or general mode: 
menu choices exclude additionally: move, name, color, delete, disable, 

change-size, create-subworkspace, transfer, describe, clean-clone; 

non-menu choices exclude additionally: move-object; 
when in general mode: 

menu choices exclude additionally: simul-panel, show-s.graph, hide-s.graph; 

attributes visible exclude additionally: decay-rate-factor, scaled-basal- 

bioreservoir, if-scaling-amount, 
when in navigation mode: selection of any bioreservoir implies details 
not a final menu choice 
label offset by (-57, -30) 

bioreservoir-pattern (width 96; height 56; dark-color , light-color . 
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white-color, status-color, flag-color, type-color = pale-green, 



Class name 
Superior class 
Attributes specific to class 

Icon description 



bound-mol-reservoir 
bioreservoir 

normal-basal-density is 9.9e-99; 
physiol-max-density is 9.9e-99 
bound-mol-reservoir-pattern 



Class name macro-complex-reservoir 

Superior class bound-mol-reservoir 

Attributes specific to class none 

Icon description macro-complex-reservoir-pattern 



Class name 
Superior class 
Attributes specific to class 
Icon description 



cell-receptor-reservoir 

bound-mol-reservoir 

none 

cell-receptor-reservoir-pattern 



Class name membr-bound-reservoir 
Superior class bound-mol-reservoir 
Attributes specific to class none 

Icon description membr-bound-reservoir-pattern 



TABLE 48 



Class name sol-mol-reservoir 

Superior class bioreservoir 

Attributes specific to class normal-basal-concentration is 9.9e-99; 

physiol-max-concentration is 9.9e-99 



Class name int-sol-mol-reservoir 

Superior class sol-mol-reservoir 

Attributes specific to class none 

Icon description int-sol-mol-reservoir-pattern 



Class name 
Superior class 
Attributes specific to class 
Icon description 



ext-sol-mol-reservoir 

sol-mol-reservoir 

none 

ext-sol-mol-reservoir-pattern 
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Class name genet-mol-reservoir 

Superior class bioreservoir 

Attributes specific to dass normal-basal-density is 9.9e-99; 

physiol-max-density is 9.9e-99 
Icon description genet-mol-reservoir-pattem 



Class name 
Superior class 
Attributes specific to class 

Icon description 



exp-cell-reservoir 
bioreservoir 

normal-basal-concentration is 9.9e-99; 
physiol-max-concentration is 9.9e-99 
exp-cell-reservoir-pattern 



Qass name 
Superior class 
Attributes specific to class 

Icon description 



cell-reservoir 
bioreservoir 

normal-basal-density is 9.9e-99; 
physiol-max-density is 9.9e-99 
cell-reservoir-pattern 



a cell-reservoir 



Names 


none 


Label 




Description 




References 


»*» 


Warnings 




Toggle state 


hide 


Compartment 




Ref bioentity 


none 


Master bioreservoir 


none 


Status 


available 


Decay rate factor 


lOe-4 


If scaling bioreservoir 


none 


If scaling amount 


100 


Scaled basal amount 


9.9e-9 


Physiol abundance 


only-induced 


Normal-basal-density 


9.9e-99UPCE 


Physiol-max-density 


9.9e-99UPCE 



TABLE 49 
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Class name biopool 
Superior class bionode-object 

Attributes specific to class basal-density is given by a basal-density-par; 

scaling-density is given by a scaling-density-par; 
density-entry is given by a density-entry-pvar; 
scaled-entry is given by a scaled-entry-pvar; 
input-rate is given by an input-rate-pvar; 
output-rate is given by an output-rate-pvar; 
accumulation is given by an accum-pvar; 
density is given by a density-pvar; 
scaled-amount is given by a scaled-amount-pvar; 
Class restrictions unless in administrator or developer mode: 

menu choices exclude additionally: describe,rotate-reflect, move, transfer 
when in simulation or explorer mode: 
menu choices exclude additionally: add-scaled -input, add-input, 
add-output, add-top-post, add-bottom-post; 
when in explorer mode: 
menu choices exclude additionally: simul-panel; 

attributes visible exclude additionally: basal-density, density-entry, density 
Inherited attributes label is "", with an index; '-->.?;■ 

description is *" 

Attribute displays input-rate, output-rate, accumulation-rate, 

scaled-amount offset by (105, 20) ' ' • '" ' : u " 

Stubs an input-box-connection inp located at top 8; ' 

a scaled-input-box-connection sip located at top 17; 

an output-box-connection oup located at bottom 15; 

a p-connection pOl located at top 37; 

a p-connection p02 located at top 50; 

a p-connection p03 located at top 62; 

a p-connection p04 located at top 75; 

a p-connection p05 located at top 87; 

a p-connection p06 located at top 100; 

a p-connection p07 located at top 112; 

a p-connection p08 located at top 125; 

a p-connection p09 located at top 137; 

a p-connection plO located at top 150; 

a p-connection pi 1 located at top 162; 

a p-connection pl2 located at top 175; 

a r-connection rOl located at bottom 37; _ 

a r-connection r02 located at bottom 50; 
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a r-connection r03 located at bottom 62; 
a r-connection r04 located at bottom 75; 
a r-connection r05 located at bottom 87; 
a r-connection r06 located at bottom 100; 
a r-connection r07 located at bottom 112; 
a r-connection r08 located at bottom 125; 
a r-connection r09 located at bottom 137; 
a r-connection rlO located at bottom 150; 
a r-connection rll located at bottom 162; 
a r-connection rl2 located at bottom 175 
a graph-link s-plot located at left 11; 
a grapMink a-plot located at left 31; 
a graph-link lists located at right 11; 
a graph-link query located at right 31; 
Icon description btopool-pattern (width 180; height 42; 

dark-color = dim-gray, light-color, white-color, type-color 



TABLE 50 



Class name 
Superior class 
Attributes specific to class 
Attribute displays 
Stubs 

Icon description 



bound-mol-pool 

biopool 

none 

inherited 

inherited 

biopool-pattern (width 180; height 42; dark-color , light-color, 
white-color , status-color , type-color) 



Class name cell-receptor-pool 

Superior class bound-mol-pool 

Attributes specific to class none 

Menu option a final menu choice 

Icon description cell-receptor-pool-pattern 



Class name 
Superior class 
Attributes specific to class 
Icon description 



membr-bound-pool 

bound-mol-pool 

none 

mem br-bound -pool -pa ttern 



Class name 
Superior class 



macro-complex-pool 
bound-mol-pool 
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Attributes specific to class none 

Icon description ceJI-receptor-pool-pattern (width 180; height 42; type-color) 



Class name 


soluble-mol-pool 


Superior class 


biopool 


riunuurcs specinc 10 cmss 






concentration is fnven bva conc-nvar 


Attribute displays 


basal-concentration, concentration offset by (80, 60); 




input-rate, output-rate, accumulation-rate. 




scaled-amount offset by (105, 20) 


Class name 


i nt-sol-mol-pool 


JUUvi i\Ji K.lao& 


en 1 ■ ■ H 1 A_Ttl rt 1 -rWll 


Attributes specific to class 


none 


Icon description 


int-sol-mol-pool-pattern 


Class name 


ext-sol-mol-pool 


Superior class 


soiu Die-mo i*pooi 


Attribute*; srx^fific tr» cLm^ 


consum-cell-div-factor is eiven bva consum-cell-div-factor-Dvar 


If nil Hocfri ration 


p y t-wl — mo 1 -t>ot*1 -n a tt p rn 




an ovt»c/iUfnnl-nnnl 

011 C Al 111171 LAA/1 


iMames 


none 


I akol 

LdDei 


Mt ■ r 


Description 




Compartment 


none 


Basal-density 


9.9e-99 UFCE 


Scaling-density 


00 000 1 ipr^P 


Density-entry 


n f\ 1 tt>/ — 


Scaled-entry 


ah 
U-U 


Input-rate 


Q Oa_OQ 

y.ye-yy 


Output-rate 


9.9e-99 


Accumulation 


9.9e-99 


Density 


9.9e-99 UPCE 


Scaled-amount 


9.9e-9 


Basal-concentration 


9.9e-99M 


Concentration 


9.9e-99M • 


Consum-cell-div-factor 


1.0 
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Class name genet-moi-poo! 

Superior class biopool 

Attributes specific to class basal-amount is given by a basal-quantity-par 

Stubs inherited 

Icon description genet-mol-pool-pattern 



Class name 
Superior class 
Attributes specific to class 



Icon description 



exp-cell-pool 
biopool 

basal-concentration is given by a basal-cell-conc-par; 
amount-entry is given by a cell-density-entry-pvar; 
density is given by a cell-density-pvar; 
concentration is given by a cell-conc-pvar 
exp-cell-pool-pattern 



Class name 
Superior class 
Attributes specific to class 



Icon description 



cell-pool 
biopool 

basal-density is given by a basal-ceil-density-par; 
density -entry is given by a cell-density-entry-pvar; 
density is given by a cell-density-pvar 
cell-pool-pattern 



TABLE 52 



Class name 
Superior class 
Attributes specific to class 

Class restrictions 



Icon description 



Class name 
Superior class 



biopool-post 
biopost 
id is ~; 

ref-bioprocess is none 
when in navigation or simulation mode: 
selecting any biopost implies show-bp; 
when in explorer mode: 
selecting any biopost implies activate-bp; 
when in developer or modeler mode: 
menu choices for biopost exclude additionally: name, move, rotate-reflect, 
change-size, color, delete, describe, create-subworkspace, show-bp 
biopool-post-pattern (width 17; height 17) - 



biopool-r-post 
biopool-post 
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Attributes specific to class none 

Icon description biopool-r-post-pattern (width 17; height 17) 

Qass name biopool-p-post 

Superior class biopool-post 

Attributes specific to class none 



TABLE 53 



Gass name 
Superior class 
Attributes specific to class 
Class restrictions 



Menu option 
Icon description 



model-box 
btotool 

toggle-state has values show or hide (default is HIDE) 
unless in administrator or developer mode: 

menu choices exclude additionally: move, name, change-size, 
color, describe, go-to-subworkspace; 

selecting any model-box implies show-sw 
not a final menu choice 
model-box-pattern 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



input-model-box 

model-box 

none 

a p-connection located at right 10 
input-model-box-pattern 



TABLE 54 



Gass name bioprocess 
Superior class bioview-object 
Attributes specific to class compartment is ""; 

status has values available, selected, selected-for-input, down-selected, 

up-selected, forw-activated, back-activated, 
downstream-activated, upstream-activated, or deactivated (default is 

AVAILABLE); 
deactivation-hold-interval is given by a time-delay-par; 
master-bioprocess is none 
Capabilities and restrictions activatable-subworkspace 
Class restrictions unless in administrator or developer mode: 

menu choices exclude additionally: change-size, c!one;_ 
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attributes visible exclude additionally: toggle-state; master-bioprocess; 
when in general, navigation, or simulation mode 

menu choices exclude additionally-.transfer, move, name, color, delete, 

disable, describe, create-subworkspace, clone, labeled-done, dean-clone; 

attributes visible exclude additionally: notes, label; 
when in general or navigation mode attributes visible exclude additionally: 





activation-hold-interval, deactivation-hold-interval; 




when in navigation mode selecting any bioprocess implies details 




when in simulation mode 




menu choices exclude additionally: up-pathway, down-pathway 


Menu option 


not a final menu choice 


Inherited attributes 


references is ; 




warnings is ""; 




toggle-state has values show or hide (default is HIDE), with an index; 




label is with an index; 




description is ~* 


Attribute displays 


label offset by (-57, -30) 


Stubs 


none 


Icon description 


bioprocess-pattern (width 96; height 56; dark-color , light-color, light-graj 




white, status-color , type-color, flag-color = medium-aquamarine 

- • 


Class name 


cell.bioprocess 


Superior class 


bioprocess 


Attributes specific to class 


none 


Icon description 


cell.bioprocess-pattern 


a cell.bioprocess 




Names 


none 


Label 




Description 


mi 


References 


MM 


Warnings 


HH 


Toggle state 


hide 


Compartment 


Mil 


Status 


available 


Activation hold interval 


0 seconds 


Deactivation hold interval 


0 seconds 


Master bioprocess 


none 



TABLE 55 
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Class bioEngine 
Class Binding-bioEngine 
Class Receptor-bioEngine 
Class bioengine.Rl.Ll 
Class bioengine.R2.Ll 
Class bioengine.Rl.Ll.ACl 
Class bioengine.Rl.Ll.ANl 
Class bioengine.R2.Ll.AC2 
□ass bioengine.R2-L2.ANl 

Class Complex-Formation-bioEngine 

□ass bioengine.U3 
Class bioengine.US 
Class bioengineU7 
Class bioengine.KU3 
Class bioengine.M!C3 
Class bioengine.C3 



Class Amplifier-bioEngine 
Class Enzyme-bioEngine 
Class bioengine.El.Sl 
Class bioengine.PKl.Sl 
Qass bioengine.PPl.Sl 
□ass bioengine.Pasel.Sl 
Class bioengine.LKl.Sl 

Class bioengine.El.S2 
□ass bioengine.El.Sl.il 
□ass bioengine.El.S2.ll 
□ass bioengine.El.SZI2 
□ass bioengine- E3.S1.11 

□ass Channel-bioEngine 
Class bioengine.CHl.IO! 
Class bioengine.CHl.I01.Ll 



Class DNA-CompIex-Formation-bioEngine 
Class bioengine.DNA"U2 
Class bioengine.DNA.U5 



□ass IonPump-bioEngine 
Class bioengine.PUl.IOl 



Class Conform-Change-bioEngine 
Class bioengine.CAl.T2 

Class Transport-bioEngine 
Class bioengine.EXl.L2 
Class bioengine.M2.EFl 



Class Lumped-bioEngine 
□ass Complex-Dissoc-bioEngine 
Class Translocation-bioEngine 
Class Auto-Catalitic-bioEngine 



TABLE 56 



Class name bioengine 
Superior class bionode-object 
Attributes specific to class velocity; 

rate-constant-sec is 1.0; 

tau-coeff is given by a tau-coeff-par; 

bias is given by a bias-par; 
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time-lag is given by a time-delay-par; 
ph is given by a -@ph-par; 
ph-deviation-factor is given by a ph-factor-par; 
temperature is given by a temperature-par; 
temp-deviation-factor is given by a temp-factor-par; 
toggle-state has values show or hide {default is HIDE); 
type-color 
Capabilities and restrictions none 
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Class restrictions 



Menu option 
Inherited attributes 

Attribute displays 
Stubs 



Icon description 



unless in developer, or modeler mode: menu choices exclude additionally: 
move, name, clone, change-size, color, delete, disable, enable, create- 
subworkspace, describe, go-to-subworkspace, create-sw; 

when in modeler mode: menu choices exclude additionally: move, name, 
disable, enable, create-subworkspace, describe, go-to-subworkspace; 

unless in administrator or developer mode: attributes visible for 
bioengine exclude additionally: toggle-state, type-color 

when in simulation or explorer, mode: 

attributes visible for bioengine exclude additionally: notes, label; 
not a final menu choice 
label is "", with an index; 
description is *"' 
velocity offset by (58, 5) 

a r-connection port-1 located at top 25; - 

a r-connection port-2 located at top 50; 

a r-connection port-3 located at top 75; 

a p-connection pi located at bottom 25; 

a p-connection p2 located at bottom 50; 

a p-connection p3 located at bottom 75; 

a c-graph-link gr located at left 11; 

a c-graph-link Is located at left 31; 

a c-graph-link up located at right 11; 

a c-graph-link dn located at right 31 

bioengine-pattern (width 86; height 42; dark-color, light-color, 
white-color, type-coto: 



Class name binding-bioengine 

Superior class bioengine 

Attributes specific to class velocity is given by a binding-rate-pvar 

Menu option not a final menu choice 



Class name 
Superior class 



amplifier-bioengine 
bioengine 
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Attributes specific to class 
Menu option 



none 

not a final menu choice 
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Gass name 
Superior class 
Attributes specific to class 



lumped -bioengine 

bioengine 

none 



TABLE 57 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Icon description 



receptor-bioengine 
binding-bioengine 
none 

not a final menu choice 
receptor-bioengine-pattern 



Class name 
Superior class 
Attributes specific to class 
Stubs 



bioengine.rl.il 

receptor-bioengine 

none 

a rc -connection port-1 located at top 25; 
a 1-connection 11 located at top 50;: 
a p-connection pi located at bottom 50; 
a c-graph-link gr located at left 11; . 
a c-graph-link Is located at left 31; 
a c-graph-link up located at right 11; 
a c-graph-link dn located at right 31 



Class name enzyme-bioengine 

Superior class amplifier-bioengine 

Attributes specific to class velocity is given by a catalytic-rate-pvar 

Icon description enzyme-bioengine-pattern 

Class name bioengine.el.s2 
Superior class enzyme-bioengine 
Attributes specific to class none 

Stubs an e-connection port-1 located at top 25; 

a s-connection si located at top 50; 
a s-connection s2 located at top 75; 
a p-connection pi located at bottom 25; 
a p-connection p2 located at bottom 50; 
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a p-connection p3 located at bottom 75; 
a c-graph-link gr located at left 11; 
a c-graph-link Is located at left 31; 
a c-graph-link up located at right 11; 
a c-graph-link dn located at right 31 



Gass name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 



complex-dissoc-bioengine 
lumped-bioengine 

velocity is given by a dissoriatlon-rate-pvar 
a co-connection cl located at top 25; 
a p-connection pi located at bottom 25; 
a p-connection p2 located at bottom 50; 
a p-connection p3 located at bottom 75; 
a c-graph-link gr located at left 11; 
a c-graph-link Is located at left 31; 
a c-graph-link up located at right 11; 
a c-graph-link dn located at right 31 
complex-dtssoc-bioengine-pattern 



Class name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 



translocation-bioengine 
lumped-bioengine 

velocity is given by a tranlocatiorwate-pvar 
a t-connection tl located at top 25; 
a p-connection p2 located at bottom 25; 
a c-graph-link gr located at left 11; 
a c-graph-link Is located at left 31; 
a c-graph-link up located at right 11; 
a c-graph-link dn located at right 31 
translocation-bioengine-pattern . 



TABLE 57 



Class name receptor-bioengine 

Superior class binding-bioengine 

Attributes specific to class none 

Menu option not a final menu choice 

Icon description receptor-bioengine-pattern 



Class name 



bioengine.rl.ll 
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Superior class receptor-bioengine 

Attributes specific to class none 

Stubs a rc-connection port-1 located at top 25; 

a l-connection 11 located at top 50; 
a p-connection pi located at bottom 50; 
a c-graph-link gr located at left 11; 
a c-graph-link Is located at left 31; 
a c-graph-link up located at right 11; 
a c-graph-link dn located at right 31 



Class name enzyme-bioengine 

Superior class amplifier-bioengine 

Attributes specific to class velocity is given by a catalytic-ratepvar 

Icon description enzyme-bioengine-pattern 

Class name bioengine.el.s2 
Superior class enzyme-bioengine 
Attributes specific to class none 

Stubs an e-connection port-1 located at top 25; 

a s-connection si located at top 50; •' 
a s-connection s2 located at top 75; . 
a p-cbnnection pi located at bottom 25; 
a p-connection p2 located at bottom 50; ; 
a p-connection p3 located at bottom 75; 
a c-graph-link gr located at left 11; 
a c-graph-link Is located at left 31; 
a c-graph-link up located at right 11; 
a c-graph-link dn located at right 31 



Class name 
Superior class 
Attributes specific to class 
Stubs 



complex-dissoc-bioengine 
lumped -bioengine 

velocity is given by a dissociation-rate-pvar 
a co-connection cl located at top 25; 
a p-connection pi located at bottom 25; 
a p-connection p2 located at bottom 50; 
a p-connection p3 located at bottom 75; 
a c-graph-link gr located at left 11; 
a c-graph-tink Is located at left 31; 
a c-graph-link up located at right 11; 
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Icon description 



a c-graph-link dn located at right 31 
complex-dissoc-bioengine-pattern 
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Class name translocation-bioengine 

Superior class lumped-bioengine 

Attributes specific to class velocity is given by a tranlocation-rate-pvar 

Stubs a t-connection tl located at top 25; 

a p-connection p2 located at bottom 25; 

a c-graph-link gr located at left 11; 

a c-graph-link Is located at left 31; 

a c-graph-link up located at right 11; 

a c-graph-link dn located at right 31 
Icon description translocation-bioengine-pattern 



TABLE 58 



Class name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 



cell-bioengine .. . 

bioengine 

velocity is given by an activation-rate-pvar 
a cell-connection ce located at top 25; ; -. 
a l-connection 11 located at top 50; 
a l-connection 12 located at top 75; v 
a p-connection pi located at bottom 25; 
a p-connection p2 located at bottom 50; . 
a p-connection p3 located at bottom 75; 
a graph-link gr located at left 11; 
a graph-link Is located at left 31; 
a graph-link up located at right 11; : 
a graph-link dn located at right 31 .. . 
ceil-bioengine-pattern - . 



Class name 
Superior class 
Attributes specific to class 
Stubs 



bioengine-cel-14 

cell-bioengine 

none 

a cell-connection eel located at top 25; 
a l-connection 11 located at top 50; 
a l-connection 12 located at top 75; 
a l-connection 13 located at top 100; 
a l-connection 14 located at top 125; 
a p-connection pi located at bottom 25; 
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a p-connection p2 located at bottom 50; 
a p-connection p3 Unrated at bottom 75; 
a p-connection p4 located at bottom 100; 
a p-connection p5 located at bottom 125; 
a c-graph-link gr located at left 11; 
a c-graph-link is located at left 31; 
a c-graph-link up located at right 11; 
a c-graph-link dn located at right 31 
Icon description bioengine.ee! .14-pattern 



Class name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 



bioengine.ce3J2 

cell-bioengine 

none 

a cell-connection eel located at top 25; 
a cell-connection ce2 located at top 50; 
a cell-connection ce3 located at top 75; 
a Connection II located at top 100; 
a Connection 12 located at top 125; 
a p-connection pi located at bottom 25; 
a p-connection p2 located at bottom 50; 
a p-connection p3 located at bottom 75; 
a p-connection p4 located at bottom 100; 
a p-connection p5 located at bottom 125; 
a c-graph-link gr located at left 11; 
a c-graph-link Is located at left 31; 
a c-graph-link up located at right 11; 
a c-graph-link dn located at right 31 
bioengine.cel-14-pattern 



TABLE 59 



□ass name biorole-object 
Superior class bio-object 
Attributes specific to class stoichiometric-coeff is 1.0 
Capabilities and restrictions none 

Class restrictions unless indeveloper mode: menu choices exclude additionally: move, 

change-size, describe, create-subworkspace, go-to-subworkspace, 
rotate-reflect, done, name; 
when in simulation, navigation, or general mode menu choices exclude 
additionally: transfer, move, name, clone, change-size, color, create- 
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Menu option 
Inherited attributes 

Attribute displays 
Stubs 

loon description 
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subworkspace, delete, disable, describe, go-to-subworkspace; 

attributes visible for biorole-object exclude additionally: notes, label; 

when in simulation mode menu choices for biorole-object exclude 
additionally: details, navig-panel; 

when in navigation or general mode: menu choices exclude additionally: 
input-panel; 

a final menu choice 

label is with an index; 

description is 

inherited 

none 

biorole-object-pattern (width 100; height 40; dark-color, light-color, 
type-color, white-color) 



TABLE 60 



Class name bioproduct 
Superior class biorole-object 

Attributes specific to class production-rate is given by a produc-rate-pvar; 

scaling-precu rsors is an instance of a symbol-array, with an index 
a final menu choice 
label offset by (-55, -22); 
production-rate offset by (-42, 1) 
a p-connection located at top 30 
bioproduct-pattern 



Menu option 
Attribute displays 



Stubs 

Icon description 



Class name 
Superior class 
Attributes specific to class 
Icon description 



cell.bioproduct 

bioproduct 

none 

bioproduct-pattern 



a cell.bioproduct 



Names 
Label 

Description 
Stoichiometric coeff 
Production rate 
Scaling precursors 



none 

"celLbioproduct " 

1.0 

9.9e-99 

a c-symbol-array 
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Class name 


bioreactant 




Superior class 


biorole-object 




Attributes specific to class 


description is ""; 






alpha-coeff is given by an alpha-coeff-par; 






contribution is given by a contribution-pvar; 






consumption-rate is given by a consum-rate-pvar 




Capabilities and restrictions 


none 




Class restrictions 


none 




Menu option 


not a final menu choice 




Inherited attributes 


stoichiometric-coeff is 1; 






label is "", with an index 




Attribute displays 


label onset oy \*oz, &), 






contribution offset by (-42, 14); 






consumption-rate offset by (-42, 0) 




Stubs 


none 




Icon description 


inherited 




Class name 


celi-bioreactant 




Superior class 


bioreactant 




Attributes specific to class 


none 




Stubs 


a cell-connection located at bottom 30 




Icon description 


cell.bioreactant-pattern 




TABLE 62 


Class name 


amplifier-bioreactant 




Superior class 


bioreactant 




Attributes specific to class 


effective-binding-sites is 1.0 




Menu option 


not a final menu choice 




Attribute displays 


inherited 




Stubs 


inherited 




Icon description 


inherited 




Qass name 


enzymer 




Superior class 


amplifier-bioreactant 




Attributes specific to class 


catalytic-rate-constant is 1.0; 






scaled -cat-rate. k is 1.0; 




Stubs 


an e-connection located at bottom 30 
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Icon description bioreactant-pattern (width 100; height 40; dark-color, light-color, 

type-color . white color ) 



Class name prot.kinase.r 
Superior class enzyme.r 
Attributes specific to class none 
Stubs inherited 

Icon description bioreactant-pattern (width 100; height 40; dark-color = dim-gray, 

light-color, type-color, white-color) 



a prot kinase, r 






Names 


none 




Label 


"prot kinase" 




Description 






Stoichiometric coeff 


1.0 




Alpha coeff 


1.0 




Contribution 


9.9e-99 




Consumption rate 


9.9e-99 




Effective binding sites 


1.0 




catalytic-rate-constant 


1.0 




scaled-cat-rate.k 


1.0 




TABLE 63 



Qass name 
Superior class 
Attributes specific to class 
Menu option 



source-bioreactant 

bioreactant 

none 

not a final menu choice 



Qass name substrates 

Superior class source-bioreactant 

Attributes specific to class michaelis-constant is 9.9e-99 

Stubs a s-connection si located at bottom 30 

Icon description substrater-pattern 



Qass name 
Superior class 
Attributes specific to class 
Icon description 



leading-bioreactant 
bioreactant 

effective-binding-sites is 1 
ieading-bioreactant-pattern 
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Class name cell-receptor.r 

Superior class leading-bioreactant 

Attributes specific to class none 

Stubs a rc-conrtection r located at bottom 30 

Icon description cell-receptor.r-pattem 



Class name binding-bioreactant 
Superior class bioreactant 

Attributes specific to class equilibrium-dissociation-constant is 9.9e-99 

scaled-equH.dissock is 1.0 
Menu option not a final menu choice 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



ligand.r 

binding-bioreactant 
none 

a 1-connection II located at bottom 30 
ligand.r-pattern 



Class name 



extracell-ligand.r 



Superior class binding-bioreactant 
Attributes specific to class none 

Stubs a 1-connection U located at bottom 30 

Icon description bioreactant-pattern (width 100; height 40; dark-color, light-color, 

type-color, white-color) 



Names 
Label 

Description 
Stoichiometric coeff 
Alpha coeff 
Contribution 
Consumption rate 
Equilibrium dissociation constant 9.9e-99 
Scaled equil.dissoc.k 1-0 



an extracell-ligand.r 

none 

"extracetl-ligand" 

1.0 
1.0 

9.9e-99 
9.9e-99 
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TABLE 64 



Class name single-bioreactant 

Superior class bioreactant 

Attributes specific to class none 

Menu option not a final menu choice 



Class name translocated. r 

Superior class single-bioreactant 

Attributes specific to class rone 

Stubs a t -connection located at bottom 30 

Icon description translocated.r-pattern 



Class name complex.r 

Superior class single-bioreactant 

Attributes specific to class none 

Stubs a co-connection ul located at bottom 30 

Icon description translocated.r-pattern 



Class name inhibitor.bioreactant 

Superior class bioreactant 

Attributes specific to class inhibition-constant is 9.9e-99; 

scaled-inhibitor.k is 1.0 
Stubs an i-connection il located at bottom 30 

Icon description inhibitor.bioreactant-pattern 



Class name comp-inhibitor.r 

Superior class inhibitor.bioreactant 

Attributes specific to class none 

Icon description comp-inhibitor.r-pattern 



Class name 



antagonists 



Superior class inhibitor.bioreactant 

Attributes specific to class none 

Stubs an an-connection anl located at bottom 30 • 

Icon description antagonist.r-pattern 
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Class name biorole-post 

Superior class biopost 

Attributes specific to class ref-bioreservoir is none 

Class restrictions unless in developer mode: menu choices exclude additionally: move, 

clone, delete, rotate-reflect, color, describe, create-subworkspace; 

when in modeler mode 
menu choices include additionally: delete; 

when in explorer, navigation or simulation mode: selecting any biopost 
implies show-br; 

Inherited attributes toggle-state has values show or hide (default is HIDE) 

Stubs a icon-wire located at right 7 with style diagonal 

Icon description biorole-post-pattern (width 8; height 16) . 



Gass name bioreactant-post 

Superior class biorole-post 

Attributes specific to class none 

Stubs a icon-wire located at right 7 

Icon description bioreactant-post-pattern (width 8; height 16) 

Class name bioproduct-post 

Superior class biorole-post 

Attributes specific to class none 

Stubs a icon-wi re located at left 7 

Icon description bioproduct-post-pattern (width 8; height 16) 



TABLE 66 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Menu option 
Icon description 



biomodel 

bioview-object 

none 

unless in administrator, uil-build, or developer mode 
menu choices for biomodel exclude additionally: change-size; 
attributes visible for biomodel exclude additionally: toggle-state; 

when in simulation, navigation, or explorer mode: selecting any biomodel 
implies details 

not a final menu choice 

biomodel-pattern (width 100; height 100; 

dark-color, light-color, white-color) 
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Qass name sub-model 
Superior class biomodet 
Attributes specific to class none 
Inherited attributes references is ""; 

warnings is ""; 

toggle-state has values show or hide (default is HIDE), with an index; 
label is "", with an index; 
description is 
Attribute displays label offset by (-73, 15) 

Icon description sub-model-pattern (width 160; height 60;dark-color, light-color , 

white-color, status-color, flag-color; 



Qass name 
Superior class 
Attributes specific to class 
Icon description 



local-submodel 
sub-model 

sequencial-number is 0 
local-submodel-pattern 



Qass name 
Superior class 
Attributes specific to class 
Icon description 



population-submodel 
sub-model 

sequencial-number is 0 
population-submodel-pattern 



Qass name 
Superior class 
Attributes specific to class 
Menu option 
Icon description 



bioreservoir-bi n 

biomodel 

none 

a final menu choice 

bioreservoir-bin-pattern (width 100; height 60; dark-color, light-color, 
white-color, type-color, status-color; 



Qass name on-hold-bin 

Superior class biomodel 

Attributes specific to class none 

Capabilities and restrictions activatable-subworkspace 

Icon description on-hold-bin-pattern (width 50; height 60; dark-color, light-color, 

white-color, status-color) 
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Class name cell-compartment 
Superior class biomodel 

Attributes specific to class surface-or-volume is given by a compartment-volume-par 
Icon description cell-compartment-pattem (width 90; height 90; 

dark-color, light -color, white-color) 



Class name cell-surface 
Superior class cell-compartment 
Attributes specific to class internal-markers is 
Capabilities and restrictions none 
Menu option a final menu choice 

Icon description cell-surface-pattern (width 130; height 200; status-color, flag-color) 



Class name nucleus 

Superior class cell-compartment 

Attributes specific to class none 

Menu option a final menu choice 

Icon description nucleus-pattern (width 90; height 90; status-color, flag-color) 



Class name cell-membrane 

Superior class cell-compartment 

Attributes specific to class none 

Menu option a final menu choice 

Icon description cell-membrane-pattern (width 90; height 90; status-color , flag-color ) 



Class name membrane-compartment 

Superior class cell-membrane 

Attributes specific to class none 

Menu option a final menu choice 

Icon description membrane-compartment-pattern (width 90; height 90; status-color, flag-c) 



TABLE 68 



Class name top-container 
Superior class biomodel 

Attributes specific to class volume is given by a compartment-volume-par 
Menu option not a final menu choice 
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references is ""; 
warnings is ""; 

toggie-state has values show or hide (default is HIDE) 
label is ~\ with an index; 
description is ™ 



Class name 
Superior class 
Attributes specific to class 



Attribute displays 
Icon description 



cell-biomodel 
top-container 

max-volume is given by a cell-volume-par; 
volume is given by a cell-volume-par; 
cell-radius is given by a cell-radius-par; 
species is ""; 
organ-or-system is "" 
tissue is ""; 
cell-lineage; 
phenotype is ""; 

cell-cyde-duration is given by a cycle-time-pvar; 
reg-factors is ""; 
expr-receptors is ""; 
secr-factors is ""; 

total-protein is given by a total-protein-par 
generation-number is given by a generation-number-par; 
number-of-cells is given by a cell-number-par; 
mas5-per-cell is given by a cell-mass-par ■ • 1 
cell-phase is GO 
label offset by (-55, -52) 

ceiJ-biomodel-pattern (width 100; height 100; dark-color, 
light-color, white-color, type-color, status-color) 



TABLE 69 



Class name 
Superior class 
Attributes specific to class 



time-compartment 
biomodel 

next-activation-block; 
deactivation-block; 

activation-hold-interval is given by a time-delay-par; 
deactivation-time is ""; 

deactivation-hold-interval is given by a rime-delay-par; 

status has values activated or deactivated (default is DEACTIVATED) 



Capabilities and restrictions activatable subworkspace 
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Stubs 

Icon description 
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not a final menu choice 
an output cycle-path next-1 located at right 40; 
an input cycle-path previous- 1 located at left 40 
time-compartment-pattern (width 80; height 80; dark-color, light-color, 
white-color) 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



time-submodel 
time-compartment 



none 



an output cycle-path next-1 located at bottom 80; 
an input cycle-path previous located at top 80 
time-submodel-pattern (width 160; height 60; status-color, flag-color) 



Gass name 
Superior class 
Attributes specific to class 



Menu option 
Icon description 



cell-phase 

time-compartment 

typical-fraction; 

generation-number is given by a generation-number-par; 
number-of-cells is given by a cell-number-par; 
mass-per-cell is given by a cell-mass-par 
not a final menu choice 
cell-phase-pattern (width 80; height 80) 



Class name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 



gO-phase 

cell-phase 

none 

an output cycle-path gl located at bottom 20; 
an input cycle-path m located at right 60; 
an input cycle-path di located at left 40 

gO-phase-pattern (width 160; height 80; status-color, type-color, flag-color) 



TABLE 70 



Class name timer 
Superior class biotool 

Attributes specific to class toggle-state has values show or hide (default is HIDE); 

activation-time is given by an elapsed-simul-time-par 
Class restrictions unless in developert mode: menu choices exclude additionally: move, 

name, change-size, color, describe, go-to-subworkspace; 
when in modeler, simulation, navigation, or explorer mode: 
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menu choices for timer include: create-sw, show- sw, hide-sw 
timer-pattern (width 30; height 30); dark-color, light-color, 



Class name count-down-timer 

Superior class timer 

Attributes specific to class count-down is given by a timer-count-down-par 

Class name count-up-timer 

Superior class timer 

Attributes specific to class count-up is given by a timer-count-up-par 



TABLE 71 



Class name biomodel-post 
Superior class biopost 
Attributes specific to class ref-biomodel is "inferred* 
Class restrictions when in navigation or simulation mode, selecting any biomodel-post . 

implies show-bm 

Icon description . biomodel-post-pattem (width 25; height 35) 



Class name output-bm-post 
Superior class biomodel-post 
Attributes specific to class none 

an user-menu-choice 

Label show-bm 
Applicable class biomodel-post 
Condition none 

Action start SHOW-BM-PROC (the item, this window) 

SHOW-BM-PROC (post: class biomodel-post , win: class window) 
BM = the biomodel named by the ref-biomodel of post; 
case the toggle-state of post is 
show: 

change the color-pattern of post so that light-color is dim-gray, dark-color is light-gray ; 
show the WS of BM on win at the center of the screen; 
conclude that the toggle-state of post is hide; 
change the color-pattern of post so that lamp = the symbol maroon; 
hide: 

change the color-pattern of post so that light-color is light-gray, dark-color is dim-gray ; 
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hide the WS of BM on win; conclude that the toggle-state of post is show; 

change the color-pattern of post so that lamp = the symbol green; 

return 



TABLE 72 



Class name 
Superior class 
Attributes specific to class 
Inherited attributes 



Icon description 



cell-interaction 

biomodel 

none 

references is ""; 
warnings is "'; 

toggle-state has values show or hide (default is HIDE); 
label is with an index; 
description is 

cell-interaction-pattern (width 140; height 100; dark-color, light-color, 
white-color, type-color-1, type-color-2, status-color-1, status-cotar-2) 



Oass name interacting-cell 
Superior class biomodel ' ' " 

Attributes specific to class master-cell-biomodel is none 
Class restrictions unless in administrator or developer mode- 

menu choices exclude additionally: details, move, name, disable, describe; 

attributes visible exclude additionally: notes, toggle-state, names; 

when in simulation, navigation, or explorer mode: 

selecting any interacting-cell implies master-details 
Attribute displays label offset by (-55, -52) 

Stubs a c-link located at right 10; 

a c-link located at right 30; 

a c-link located at right 50; 

a c-link located at right 70; 

a c-link located at right 90; 

a c-link located at bottom 30; 

a c-link located at bottom 70; 

a c-link located at left 10; 

a c-link located at left 30; 

a c-link located at left 50; 

a c-link located at left 70; 

a c-link located at left 90; 

a c-link located at top 20; 
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a c-link located at top 80 

interacting-cell-pattorn ( width 100; height 100; dark-color, light-color, 
white-color, type-color, status-color) 



TABLE 72c 



an user-menu-choice 
Label show-bp 
Applicable class extracellular-component 

Condition the item has a name and the ref-bioprocess of the item is not none 

Action start EXTRACELL-COMP-SHOW-BP-PROC (the item, this window) 

EXTRACELL-COMP-SHOW-BP-PROC (post: class extracellular-component , W: class window) 
BP = the bioprocess named by the ref-bioprocess of post; 
view = the subworkspace of BP 
change the size of view to minimum; 

show view on W 100 units above the center of the screen; - 



TABLE 72d 

an user-menu-choice 
Label show-br 
Applicable class extracellular-component 
Condition the item has a name and the ref-bioreservoir of 

the item is not none 

Action start EXTRACELL-COMP-SHOW-BR-PROC (the item, this window) 

EXTRACELL-COMP-SHOW-BR-PROC (post: class extracellular-component, W: class window) 
BR = the bioreservoir named by the ref-bioreservoir of post; 
view = the subworkspace of BP 
change the size of view to minimum; 
show view on W 100 units below the center of the screen; 

TABLE 72e 



an user-menu-choice 
Label bioentity 
Applicable class extracellular-component 
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Action 
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the ref-bioentity of the item is not none 

start EXTRACELL-COMP-BIOENTITY-PROC (theitem, this window) 



EXTRACELL-COMP-BIOENTITY-PROC (EC: class extracellular-component, W: class window) 
BET = the bioentity named by the ref-bioentity of EC ; 
ESW = the subworkspace of BET; 
if the toggle-state of EC is hide there 

conclude that the toggle-state of EC is show; 

change the size of ESW to minimum; 

show ESW on W at the center of the screen; 
else if the toggle-state of EC is show then 

hide ESW on W; 

conclude that the toggle-state of EC is hide; 



TABLE 72f 



an user-menu-choice 
Label unname-it 
Applicable class extracellular-component 
Condition the item has a name 

Action start EXTRACELL-COMP-REMOVE-NAME-PROC (the item, this window) 

EXTRACELL-COMP-REMOVE-NAME-PROC (post class biorole-post. W: class window) 
BP = the bioprocess superior to the workspace of post; 
if there exists a biopool connected to post then: 

BR = the bioreservoir superior to the workspace of the biopool connected to post; 
if there is a biopool-post named by the name of post then 
PP = the biopool-post named by the name of post; 
change the ref-bioprocess of PP to "none"; 
make PP permanent; 
change the ref-bioreservoir of post to "none"; 
change the names of post to "none"; 
make post permanent; 



TABLE 73 



Class name organ 
Superior class biomodel 
Attributes specific to class none 
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Icon description 
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not a final menu choice 

organ-pattern (wid'h 140; height 100; type-color, status-color J 



Class name lymph-node 
Superior class organ 

Attributes specific to class cell-number is given by a cell-number-par; 

b.lymphocytes is given by a cell-number-par; 
tlymphocytes is given by a cell-number-par; 
macrophages is given by a cell-number-par; 
b..cd4..cd8 is nan; 

tcrp.cd4p.cd8n is given by a phenotype-par; 

tcrp.cd4acd8p is given by a phenotype-par; 

other-phenotypes 
Menu option a final menu choice 

Icon description lymph-node-pattern 



Class name 



organ-region 



Superior class biomodel 

Attributes specific to class none 

Menu option not a final menu choice 

Icon description organ-region-pattern 



Class name 
Superior class 
Attributes specific to class 
Icon description 



differentiation-pathway 
biomodel 



none 



differentiation-pathway-pattern (width 100; height 120; 
dark-color, light-color, white-color ) 



Class name 
Superior class 
Attributes specific to class 
Attribute displays 
Stubs 



Icon description 



cell 

biomodel 

in-tissues is ""; 

label offset by (35, 30) 

a c-Iink located at top 40; 

a c-link located at bottom 20; 

a c-iink located at bottom 40; 

a c-link located at bottom 60 

cell-pattern (width 80; height 80; dark-color, light-color, lineage-color) 



190 



WO 96V22575 

TABLE 74 



PCT/US96/00883 



a tabular function of 1 argument 


Table of values 




[Substratel] [Productl)([Substratel]) 




0 


112 




3.13 


757 




6.25 


1305 




1ZS0 


1,932 




25.00 


3,045 




50.00 


3356 




100.00 


3/478 




TABLE 75 


A-DOWN-BIORESERVOIR-OF, a relation 




First class 


bioreservoir 




Second class 


bioprocess 




Relation name 


a-down-bioreservoir-of 




Inverse of relation 


an-up-bioprocess-of . 




Type of relation 


many-to-many 




Relation is symmetric? 


no 




A-DOWN-BIOPROCESS-OF, a relation 




First class 


bioprocess 




Second class 


bioreservoir 




Relation name 


a-down-bioprocess-of 




Inverse of relation 


an-up-bioreservoir-of 




Type of relation 


many-to-many 




Relation is symmetric? 


no 




A-TOWNSTREAM-BIOPROCESS-OF, a relation 




First class 


bioprocess 




Second class 


bioprocess 




Relation name 


a-downstream-bioprocess-of . 




Inverse of relation 


an-upstream-bioprocess-of 




Type of relation 


many-to-many 




Relation is symmetric? 


no 






191 





WO 96/22575 



PCT/US96/00883 



A-EXDWNSTREAM-BIORESERVOIR-OF, a relation 



First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 



bioreservoir 
bioreservoir 

a-downstream-btoreservoir-of 

an-upstream-bioreservoir-of 

many-to-many 



Relation is symmetric? no 



THE-DOWNSTREAM-BIORESERVOIRS-L1ST-OF, a relation 



First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is symmetric? 



downs tream-bioreservoirs-list 
bioreservoir 

the-downstream-bioreservoirs-list"Of 
none 

one-to-one 
no 



THE-DOWNSTREAM-BIOPROCESSES-LIST-OF, a relation 



First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is symmetric? 



bioprocesses-list 
bioreservoir 

the-downstream-bioprocesses-Iist-of 
none 

one-to-one 
no 



THE-UP-BIORESERVOIRS-UST-OF, a relation 



First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is symmetric? 



up-bioreservoirs-list 
bioreservoir 

the-up-bioreservoirs-list-of 
none 

one-to-one 
no 



THE-UP-BIOPROCESSES-LIST-OF, a relation 



First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is symmetric? 



bioprocesses-list 
bioreservoir 

the-up-bioprocesses-Iist-of 
none 

one-to-one 
no 
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TABLE 76 



CHAINING RULES 

Options for all whenever rules: not invocable via backward chaining, not invocable via forward 

chaining, may cause data seeking, may cause forward chaining 

for any bioprocess BP 
for anybioprocess BPl that is an-upstream-bioprocess-of BP 
for any bioprocess BP2 that is an-upstream-bioprocess-of BP 
whenever BP1 ceases to be an-upstream-bioprocess-of BP and when not (there exists a bioprocess BP3 such 
that (BP2 is an-upstream-bioprocess-of EP3 and BP3 is an-upstream-bioprocess-of BP)) then conclude that BP2 is 
not A -DOWNSTREAM- BIOPROCESS- OF BP 



for any bioprocess BP 

for any bioprocess BP1 that is an-upstream-bioprocess-of BP 
whenever any bioprocess BP2 becomes an-upstream-bioprocess-of BPl and when BP2 is not an-upstream- 
bioprocess-of BP then conclude that BP2 is AN-UPSTREAM-BIOPROCESS-OF BT 

for any bioprocess BP 

for any bioprocess BPl that is a-downstream-bioproctss-of BP 

for any bioprocess BP2 that is a-downstream-bioprocess-of BP 
whenever BPl ceases to bea-downstream-bioprocess-of BP and when not (there exists a bioprocess BP3 such 
that (BP2 is a-downstream-biopnxess-of BP3 and BP3 is a-downstream-bioprocess-of BP)) then conclude that 
BP2 is noiA-DOWNSTREAM-BtOPROCESS-OFEP 



for any bioprocess BP 

for any bioprocess BPl that is a-downstream-bioprocess-of BP 
whenever any bioprocess BP2 becomes a-doumstream-bioproces$-of BPl and when BP2 is not a-downstream- 
bioprocess-of BP then conclude that BP2 is A-DOWNSTREAM-BIOPROCESS-OF BP 



TABLE 77 



INFERENCE BLOCK RULES 
for any event-deactivation-block B that is an attribute of any time-compartment CC 
for any time-compartment NC connected at the next-1 of CC 
whenever the status S of NC receives a value and when S is activated then 

deactivate the subworkspace of CC and conclude that the status of CC is deactivated 
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whenever the time-interval ] of any time-activation-block B receives a value and when the beta-coeff of B * 

1 >= the time-threshold of B then conclude that the outcome of B is above-threshold 



whenever the time-interval I of any time-deactivation-block B receives a value and when the beta-coeff of 
B • I >= the time-threshold of B then conclude that the outcome of B is above-threshold 



whenever the checkpoint C of any checkpoint-to-floor-block B receives a value and when the beta-coeff of 
B • C <= the threshold of B then conclude that the outcome of B is below -threshold 



whenever the checkpoint C of any checkpoint-to-ceiling-block B receives a value and when the beta-coeff 
of B • C ><= the threshold of B then conclude that the outcome of B is above-threshold 



TABLE 78 



CELL CYCLE RULES 

for any gO-phase P 

whenever the outcome O of the next-activation-block of P receives a value and when O is not within- 
threshold then activate the subworkspace of the gl-phase G connected at the gl of P and conclude that the 
status of C is activated 



for any gl-phase P 

whenever the outcome O of the differentiation-activation-block of P receives a value and when the status 
of the s-phase connected at the s of P is deactivated and O is not within-threshold then activate the 
subworkspace of the differ-stage N connected at the di of P and conclude that the status of N is activated 



for any gl-phase P 

whenever the outcome O of the next-activation-block of P receives a value and when the status of the 
differ-stage connected at the di of P is deactivated and O is not within-threshold then activate the 
subworkspace of the s-phase N connected at the s of P and conclude that the status of N is activated 



for any s-phase P 

whenever the outcome O of the next-activation-block of P receives a value and when O is not within- 
threshold then activate the subworkspace of the g2-phase G connected at the g2 of P and condude that the 
status of G is activated 



for any g2-phase P 

whenever the outcome O of the apoptosis-activation-block of P receives a value and when the status of . 
the m-phase connected at the m of P is deactivated and O is not within-threshold thenactivate the 
subworkspace of the apoptosis N connected at the ap of P and conclude that the status of N is activated 
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for any g2-phase P 

whenever the outcome O of the next-activation-block of P receives a value and when the status of the 
apoptosis connected at the ap of P is deactivated and O is not within-threshold then activate the 
subworkspace of the M-phase N connected at the m of P and conclude that the status of N is activated 



for any M-phase P 

whenever the outcome O of the next-activation-block of P receives a value and when O is not within- 
threshold then conclude that the generation-number N of the gO-phase G connected at the gO of P = N + ] 
and conclude that the number-of-cells C of G = 2 * C and conclude that the mass-per-cell of G = the mass- 
per-cell of P / 2 and deactivate the subworkspace of P and conclude that the status of P is deactivated 



for any M-phase P 

whenever the outcome O of the gl -activation-block of P receives a value and when O is not within- 
threshold then conclude that the generation-number N of the gO-phase G connected at the gO of P = N + 1 
and conclude that the number-of-cells C of G = 2 • C and conclude that the mass-per-cell of G » the mass- 
per-cell of P / 2 and activate the subworkspace of the gl-phase G connected at the gl of P and conclude 
that the status of G is activated and deactivate the subworkspace of P and conclude that the status of P is 
deactivated 



for any differ-stage P 

whenever the outcome O of the next-activation-block of P receives a value and when O is not within- 
threshold then activate the subworkspace of the gO-phase GO connected at the ng of P and conclude that 
the status of GO is activated and activate the subworkspace of the gl-phase Gl connected at the ng of P 
and conclude that the status of Gl is activated 



TABLE 79 



ICON COLOR RULES 

for any bioview-object O 

whenever the toggle-state T of O receives a value and when T is hide then change the color-pattern of O so 
that light-color is light-gray, dark-color is dim-gray, white-color is white 



for any bioprocess P 
for any bioengine E 

whenever the type-color of E receives a value then change the color-pattern of P so that type-color = the 
type-color of E 

for any bioprocess BP 

whenever BP is moved by the user and when the subworkspace SW of BP exists and there 
exists a bioengine E upon SW and not (the type-color of BP = the type-color of E) then 
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for any bionode-object O 

whenever the toggle-state T of O receives a value and when T is hide then change the color-pattern of 0 so 
that light-color is light-gray, dark-color is dim-gray, white-color is white 



for any complex-bioentity O 

whenever the toggle-state T of O receives a value and when T is show then change the color-pattern of O 
so that light-color is dim-gray, dark-color is light-gray, white-color is black 



for any bioentity-notes N 

whenever the toggle-state T of N receives a value and when T is hide then change the color-pattern of N 
so that light-color is light-gray, dark-color is dim-gray, white-color is white 



for any bioentity-notes N 

whenever the toggle-state T of N receives a value and when T is show then change the color-pattern of N 
so that light-color is dim-gray, dark-color is light-gray, white-color is black 



for the subworkspace SW of any bioreservoir-bin BRB 

for any bioreservoir BR upon SW 
whenever BR is moved by the user and when not (there exists a bioreservoir upon SW) then 

change the type-color of BRB to gray 



for the subworkspace SW of any bioreservoir-bin BRB 
for any bioreservoir BR upon SW 

whenever BR is moved by the user and when there exists a bioreservoir upon SW then 
change the type-color icon-color of BRB to purple 



for any experiment-selection ES 

whenever ES is moved by the user and when the currently-selected of ES is false then 
change the type-color icon-color of ES to goldenrod 



for any experiment-selection ES 

whenever ES is moved by the user and when the currently-selected of ES is true then 
change the type-color icon-color of ES to gold 



TABLE 80 



LABELING RULES 

for any bioentity BET 
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whenever BET is moved by the user and when BET has a name then 

conclude that the master-bioentity of BET = the name of BET 



for any bioentity BET 

for any bio-object-title T upon the subworkspace of BET 

whenever BET is moved by the user then conclude that the label of T = "[the label of BET]" 

for any bioentity-notes FN upon the SW of any bioentity BET 
whenever FN is moved by the user then 
conclude that the label of the bio-object-title upon the subworkspace of FN = the label of BET 



TABLE 81 



ICON MOVEMENT RULES 

for any biopool P connected to any graph-tracer 

whenever P is moved by the user then 
move the scaled-br-graph-tracer connected to P to (left-edge(P) - 8, middle-y(P) +11) and 
move the absolute-br-graph-tracer connected to P to (left-edge(P) - 8, middle-y(P) - 10) and 
move the br-chaininig-tracer connected to P to (right-edge(P) + 6, middle-y(P) +11) and 
move the query-tracer connected to P to (right-edgefP) - 6, middle-y(P) - 10) and 
change the core stripe-color of every graph-link connected to P to transparent 



for any bioengine E connected to any graph-tracer 

whenever E is moved by the user then 
move the scaled-bp-graph-tracer connected to E to (left-edge(E) - 8, middle-y(E) + .11) and 
move the bp-chaininig-tracer connected to E to (left-edge(E) - 8, middle-y(E) - 10) and 
move the up-path-tracer connected to E to (right-edge(E) + 8. middle-y(E) + 11) and 
move the down-path-tracer connected to E to (right-edge(E) + 8, middle-y(E) - 10) and 
change the core stripe-color of every graph-link connected to E to transparent 



for any bioproduct P connected to any bioproduct-post PP 
whenever P is moved by the user then 
move PP to (right-edge(P) + 4, middle-y(P)) 

change the core stripe-color of the icon-wire connected to R to transparent and 
change the core stripe-color of the icon-wire connected to P to transparent 

for any bioreactant R connected to any bioreactant-post RP 
whenever R is moved by the user then 
move RP to (ieft-edge(R) - 3, middle-y(R)) and 

change the core stripe-color of the icon-wire connected to R to transparent 
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TABLE 82 



the VELOCITY of any B10ENGINE.E151.il E = the first of the following expressions that has a value (the 
effective-binding-sites of the enzyme.r Z connected at the port-1 of E * the catalytic-rate-constant of Z * 
(the concentration of the soluble-mol-pool connected to Z * the concentration SQ of the soluble-mol-pool 
connected to the substrate.r S connected at the si of E / 
(if not (there exists an inhibitor.bioreactant connected at the il of E) 

then SQ + the michaelis-constant of S else 
(if there exists a comp-inhibitor.r CI connected at the il of E then SQ + 

the michaeiis-constant of S * (1 + the concentration of the sol-mol-pool conneceted to I / the Inhibition- 
constant of I / the inhibition-constant of CI ) else 
(if there exists a noncomp-inhibitor.r NI connected at the il of E then 

SQ * (1 + the concentration of the sol-mol-pool conneceted to I / the Inhibition-constant of I / the 
inhibition-constant of Nl + the michaelis-constant of S) • (1 + the concentration of the sol-mol-pool 
conneceted to I / the Inhibition-constant of I / the Inhibition-constant of NI) else 
(if there exists an uncomp-inhibitor.r UI connected at the il of E then 

SQ * (1 + the concentration of the sol-mol-pool conneceted to I / the Inhibition-constant of I / the 
inhibition-constant of Ul + the michaelis-constant of S)else 

(if there exists a mixed-inhibitor.r MI connected at the il of E then - ' • ' ' 

5Q * (1 + the concentration of the sol-mol-pool conneceted to I / the Inhibition-constant of I /-the 

inhibition-constant of MI + the michaelis-constant 
of S ) * (1 + the concentration of the sol-mol-pool conneceted to 1 / the Inhibition-constant of I / the ' : '" 

inhibition-constant of MI ))))))), 0.0) 



TABLE 83 



GENERIC-SIMULATION-FORMULAS for Scaled-Valued Variables 
the SCALED- AMOUNT C of any BIOPOOL PO = ( max ( 9.9e-9, the accumulation of PO)) 



state variable : d / dt (the ACCUMULATION C of any BIOPOOL PO) = the input-rate of PO - the output-rate 
of PO + the scaled-entry of PO - the decay-rate-factor of the bioreservoir superior to the workspace of PO • 
the scaled-amount of PO, with initial value the scaled-basal-amount of the bioreservoir superior to he 
workspace of PO 

the INPUT -RATE of any BIOPOOL PO = the first of the following expressions that has a value ( (max ( 0.0, 
the sum over each bioproduct P connected to PO of ( the production-rate of P ) + the first of the following 
expressions that has a value (the output-1 of the model-block M upon the subworkspace of the scaled- 
input-model-box connected to PO, 0.0 ))) , 9.9e-9) 
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the OUTPUT-RATE of any BIOPOOL PO = the first cf the following expressions that has a value ( max (0.0, 
the sum over each bioreactant R connected to PO of (the consumption-rate of R ) + the first of the 
following expressions that has a value (the output-1 of the model-block M upon the subworkspace of the 
output-model-box connected to PO, 0.0 ) ) , 9.9e-9) 



the CONSUMPTION -RATE of any BIOREACTANT R = the first of the following expressions that has a value 
( max (0.0, the velocity of the bioengine connected to R / the stoichiometric-coeff of R ), 9.9e»9) 



the CONSUMPTION -RATE of any AMPLIFIER-BIOREACTANT R = 0.0 



the PRODUCTION -RATE of any BIOPRODUCT P = the first of the following expressions that has a value 
(max ( 0.0, the velocity of the bioengine connected to P * the stoichiometric-coeff of P ), 9.9e-9) 



the VELOCITY of any BIOENGINE E = the first of the following expressions that has a value ( max ( 0.0, the 
product over each bioreactant R connected to E of (the alpha-coeff of R * the contribution of R) • the rate- 
constant-sec of E * the tau-coeff of E + the bias of E ), 9.9e>9 ) 



TABLE 84 



GENERIC-SIMULATION-FORMULAS FOR THE CONTRIBUTION 
Based on Scaled-Valued Variables and Parameter* 
the CONTRIBUTION of any AMPLIFIER-BIOREACTANT R = the first of the following expressions that has a 
value ( min (1.0, max (0.0, the effective-binding-sites of R ' the scaled-amount of the biopool connected to 
R)),0.5) 



the CONTRIBUTION of any SUBSTRATE.R R = the first of the following expressions that has a value 

( min (1.0, max (0 0, the scaled-amount Q of the biopool PO connected to R / ( the scaled-michaelisk of R 

+ Q))),0.5) 



the CONTRIBUTION of any INHIBITOR. BIOREACTANT R = the first of the following expressions that has a 
value ( min (1.0, max (0.0, the scaled-amount Q of the biopool PO connected to R / (the scaled- 
inhibition.k of R + Q ))) , 0.5 ) 

the CONTRIBUTION of any LEADING- BIOREACTANT R = the first of the following expressions that has 
a value ( min (1.0, max (0.0, the effective-binding-sites of R * the scaled-amount of the biopool connected 
to R )) A the stoichiometric-coeff of R, 0.5 ) 
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the CONTRIBUTION of any BENDtNG-BIOREACTANT R = the first of the following expressions that has a 

value ( min (1.0, max (0.0, the scaled-amount Q of the biopool PO connected to R / ( the scaled 

equil.dissoe.k of R + Q ))) A the stoiduometrie-eoeff of R , 05 ) 

the CONTRIBUTION of any ION .R R = the first of the following expressions that has a value { min (1.0, max 
(0.0, the scaled-amount Q of the biopool PO connected to R / ( the scaled-equilibrium.k of R + Q ))) , 0.5 ) 

the CONTRIBUTION of any SINCLE-BIOREACTANT R = the first of the following expressions that has a 
value ( min (1.0, max (0.0, the scaled-amount of the biopool connected to R )), 0.5 ) 



TABLE 85 



GENERIC SIMULATION FORMULAS FOR ABSOLUTE-VALUED VARIABLES 
the CONCENTRATION of any SOLUBLE-MOL-POOL PO = (max (0.0, the accumulation of PO)) 



the DENSITY of any COMPLEXED-MOL-POOL PO = (max (0.0, the accumulation of PO)) 

state variable : d / dt (the ACCUMULATION of any SOL-MOL-POOL PO) = the input-rate of PO - the 
output-rate of PO + the concentration-entry of PO - the decay-rate-factor of the sol-mol-reservoir superior 
to the workspace of PO * the concentration of PO, with initial value the basal-concentration of PO 

state variable : d / dt (the ACCUMULATION of any COMPLEXED-MOL-POOL PO) = the input-rate of 
PO - the output- rate of PO + the density-entry of PO - the decay-rate- factor of the bound-mol-reservoir 
superior to the workspace of PO * the density of PO, with initial value the basal-density of PO 

the INPUT-RATE of any BIOPOOL PO » the first of the following expressions that has a value (max ( 0.0, 
the sum over each bioproduct P connected to PO of ( the production-rate of P ) + the first of the following 
expressions that has a value (the output-1 of the model-block M upon the subworkspace of the input- 
model-box connected to PO, 0.0 )), 0.0) 



the OUTPUT-RATE of any BIOPOOL PO = the first of the following expressions that has a value ( max 
(0.0, the sum over each bioreactant R connected to PO of (the consumption-rate of R ) + the first of the 
following expressions that has a value (the ourput-1 of the model-block M upon the subworkspace of the 
output-model*box connected to PO, 0.0 )) , 0.0) 

the PRODUCTION-RATE of any BIOPRODUCT P = the first of the following expressions that has a value 
(max ( 0.0, the velocity of the bioengine connected to P * the stoichiometric-coeff of P ), 0.0) 
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he CONSUMPTION-RATE of any BIOREACTANT R = the first of the following expressions that has a 
value ( max (0.0, the velocity of the bioengine corrected to R / the stotchiometric-coeff of R ), 0.0) 

the CONSUMPTION-RATE of any AMPUFIER-BIOREACTANT R = 0.0 



the VELOCITY of any BIOENCINE.El.Sl.il E = the first of the following expressions that has a value (the 
effective-binding-sites of the enzyme.r Z connected at the port-1 of E • the catdync-rate-constant of Z V 
(the concentration of the sol-mol-pool connected to Z • the concentration SQ of the sol-mol-pool connected 
to the substrate-r S connected at the si of E / SQ + the michaelis-constant of S • (if there exists a comp- 
inhibitor.r 1 connected at the il of E then ( 1 + the concentration of the sol-mol-pool conneceted to I / the 
Inhibition-constant of I ) else 1)), 1.0e-99) 



TABLE 86 



GENERIC SIMULATION FORMULAS FOR MIXED-TYPE SIMULATIONS 
state variable : d / dt (the ACCUMULATION of any BIOPOOL PO) = the input-rate of PO - the output- 
rate of PO + the density-entry of PO - the decay-«te-factor of the bioreservoir superior to the workspace 
of PO * the density of PO, with initial value the basal-density of PO 

the DENSITY of any BIOPOOL PO = the first of the following expressions that has a value ( max ( l.Oe-9, ( 
the scaled-amount of PO • the scaling-density of PO ) ), 9.9e-99 ) 

the CONCENTRATION C of any BIOPOOL PO = the first of the following expressions that has a value ( max 
( 1.0e-9, ( the density of PO /( 6.023e23 • top-volume-po(PO)))) , 9.9e-99 ) 



the CONTRIBUTION of any AMPLfflER-BIOREACTANT R = the first of the following expressions that 
has a value ( min (1.0, max (0.0, the effective^inding-sites of R • the density of the biopool PO connected 
to R / the scaling-density of PO)), OS } 

the CONTRIBUTION of any SUBSTRATER R = the first of the following expressions that has a value ( 
min (1.0, max (0.0, the concentration Q of the biopool PO connected to R / ( the michaelis- 
constantofR + Q))),05) 

the CONTRIBUTION of any INHIB ITOR.BIOREACT ANT R = the first of the following expressions that 
has a value ( min (1.0, max (0.0, the concentration Q of the biopool PO connected to R / ( the inhibition- 
constant of R + Q ))), 0.5 ) 
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the CONTRIBUTION of any LEADING-BIOREACTANT R = the first of the following expressions that has 
a value ( min (1.0. max (0.0, the effective-binding- iites of R * the density of the biopool PO connected to R 
/ the scaling-density of PO)) A the stoichiometric-coeff of R, 0.5 ) 

the CONTRIBUTION of any BINDINC-BIOREACTANT R = the first of the following expressions that has 
a value ( min (1.0, max (0.0, the density Q of the biopool PO connected toR / (the equilibrium- 
dissociation-constant of R + Q ))) A the stoichiometric-coeff of R , OS ) 

the CONTRIBUTION of any ION.R R = the first of the following expressions that has a value ( min (1.0, 
max (0.0, the concentration Q of the biopool PO connected to R / (the equilibrium-constant of R + Q ))) , 
03) 



the CONTRIBUTION of any SINCLE-BIOREACTANT R = the first of the following expressions that has a 
value ( min (1.0, max (0.0, the density of the biopool PO connected to R / the scaling-density of PO)), 03 ) 



TABLE 87 



GENERIC SIMULATION FORMULAS for Model Blocks 
the output-1 of any CONSTANT.F CF = the constant of CF 

Tracing and breakpoints default the output-1 of any INCREASING. F b the current time * le-5 

the output-1 of any PROPORTIONALF PF = the input-1 of PF • the gain of PF + the bias of PF 

the output-1 of any SIGMOID.F SF * 1.0 / ( 1.0 + exp ( - the gain of SF • ( 10 • the input-1 of SF ) - the bias 
ofSF)) 

the output-1 of any EXP.CPDF C = 1.0 - exp (-the x-val of E / the mean of E) 
the output-1 of any EXP.I.PDF E = exp (- the x-val X of E / the mean M of E) / M 

the output-1 of any UNIF.CPDF UC = ( if the x-val X of UC < the min-val MI of UC then MI else {if X > 
themax-valMAofUCthenMAelse ((X-MI) / (MA-MI)))) 

the output-1 of any UNIF.RN.F UR = random ( the min-val of UR, the max-val of UR ) 

the output-1 of any NORMALRN.PDF NR = the mean of NR + ( ( the max-val of NR + the min-val of 
NR) 6) • sqrt ( -2.0 * In ( random ( 0.0, 1.0) ) ) • sin ( 2.0 • pi 0 * random ( 0.0, 1.0) ) In ( random ( 0.0, 1.0) ) 
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the output-1 of any NORMALLPDF NI = exp ((expt ((the x-val of NI - the mean of NI ), 2)) / (2.0 * ( the 
max-val MA of NI + the min-val MI of NI) / 6 )) • ;i.O / (sqrt ( 2.0 • pi 0 * ( MA + MI) / 6 ))) 



the output-1 of any SIN.TIME.F ST = max ( the min-val of ST, min ( the max-val of ST, the bias of ST + the 
gain of ST * sin ( the current time / the frequency of ST ) ) ) 



the output-1 of any COS.TTME.F CT « max ( the min-val of CT, min (the max-val of CT, cos (the current 
time /the frequency of CT ) / the gain of CT ) ) 



the output-1 of any EXP.RN.PDF E - max ( the min-val of E, min ( the max-val of E, -In (random (0.0, 1.0) ) 
* the mean of E )) 



TABLE 88 



GENERIC SIMULATION FORMULAS for Cell Cycle 
state variable : d / dt (the number-of-cells of any gl -phase P) = the progression-rate of the cycle-path 
connected at the GO of P + the progression-rate of the cycle-path connected at the Di of P-the . 
progression-rate of the cycle-path connected at the S of P, with initial value 0.0 



state variable : d / dt (the number-of-cells of any S-phase P) = the progression-rate of the cycle-path 
connected at the Gl of P - the progression-rate of the c-cyde-path connected at the G2 of P, with 
initial value 0.0 



state variable : d / dt (the number-of-cells of any G2-phase P) = the progression-rate of the cycle-path 
connected at the S of P - the progression-rate of the c-cyde-path connected at the M of P - the progression- 
rate of the cycle-path connected at the Ap of P, with initial value 0.0 



state variable : d / dt (the number-of-cells of any M-phase P) ° the progression-rate of the cyde-path 
connected at the G2 of P - the progression-rate of the cycle-path connected at the GO of P - the progression- 
rate of the cycle-path connected at the Gl of P, with initial value OX) 

state variable : d / dt (the number-of-cells of any differ-stage P) » the progression-rate of the 
cyde-path connected at the Gl of P - the progression-rate of the c-cyde-path connected at the NG 
of P, with initial value 0.0 



state variable : d / dt (the number-of-cells of any apoptosis P) = the progression-rate of the cyde-path 
connected at the G2 of P, with initial value 0.0 



state variable : d / dt (the number-of-cells of any cell-phase C) = the sum over each cycle- path Pi 
connected at an input of C of (the progression-rate of Pi) - the sum over each cycle-path Po 
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the progression-rate of any c-cycle-path P = the rate-constant of P • the tau-coeff of P * the 
number-of-cells of the cell-phase connected at the input of P 



TABLE 89 



an user-menu-choice 

Label create-local 
Applicable class complex-bioentity 
Condition the item has a name 

Action start ET-CREATE-LOCAL-PROC (the item, this window) 



ET-CREATE-LOCAL-PROC (EN: class complex-bioentity, W: class window) 
create a complex-bioentity LO by cloning EN; 

transfer LO to the WS of EN at (the item-x-position of EN + 10, the item-y-position of EN - 30); 
for each bioentity CO upon the SW of LO do 

make CO transient and delete CO; 
for each bioentity -notes BN upon the SW of LO do 

make BN transient and delete BN; 
make LO permanent; 



TABLE 90 



an user-menu-choice 
Label add-scaled-input 
Applicable class biopool 

Condition the scaled-input-model-box connected to the item does not exist 

Action start CREATE-SCALED-INPUT-MODEL-BOX- PROC (the item, this window) 



CREATE-SCALED-INPUT-MODEL-BOX-PROC (BP: class biopool, Win: class window) 
create a scaled-input-model-box B by cloning MASTER-SCALED-INPUT-MODEL-BOX; 
transfer B to the workspace of BP at (lef t-edge(BP) -7, middle-y(BP)+56); 
make B permanent; 

show the subworkspace of B on Win with its center 340 units above the center of the screen; 
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an user-menu-choice 

Label create-sw 
Applicable class bioengine 

Condition not (there exists a subworkspace of the item) and the toggle-state of the item is hide 
Action start CREATE-SW-FOR-BIOENGINE (the item, this window) 



CREATE-SW-FOR-BIOENGINE (E: class bioengine, win: class window) 
create a workspace box by cloning the SW of BIOENGINE-SW-MASTER; 
show box on win at the center of the screen; 
make box the subworkspace of E; 
make box permanent; 



TABLE 92 



an user-menu-choice 
Label add-top-post 
Applicable class biopool 
Condition none 

Action start CREATE-BIOPOOL-P-POST-PROC (the item, this window) 



CREATE-BIOPOOL-P-POST-PROC (BP: class biopool, Win: class window) 
create a biopoot-p-post P; 

if the biopool-p-post connected at the p02 of BP does not exist then next-label = "pp02"; x = - 50; else 
if the biopool-p-post connected at the p04 of BP does not exist then next-label = "pp04"; x = - 25; else 
if the biopool-p-post connected at the p06 of BP does not exist then next-label = "pp06"; x = 0; else 
if the biopool-p-post connected at the p08 of BP does not exist then next-label » "pp08"; x = 25; else 
if the biopool-p-post connected at the plO of BP does not exist then next-label = "pplO"; x «= 50; else 
if the biopool-p-post connected at the pl2 of BP does not exist then next-label = "ppl2"; x = 75; else 
go to part-2-routine; 

transfer P to the workspace of BP at (middle-x (BP) + x, middle-y(BP) + 40); 

change the text of the label of P to "[next-label]"; 

call POOLPOST-NAME-rr-PRCC (P, Win); 

make P permanent; 

return; 

part-2-routine: 

if not (there exists a biopool-p-post connected at the pOl of BP) then next-label = "ppOl"; x » - 63; else 
if the biopool-p-post connected at the p03 of BP does not exist then next-label = "pp03"; x = - 38; else 
if the biopool-p-post connected at the p05 of BP does not exist then next-label = "pp05"; x = - 13; else 
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if the biopool-p-post connected at the p07 of BP does not exist then next-label = "pp07"; x = 12; else 
if the biopool-p-post connected at the p09of BP does not exist then next-label = "pp09" ; x = 37; else 
if the biopool-p-post connected at the pll of BP does not exist then next-label = "ppll"; x = 62; else 
go to exit-routine; 

transfer P to the workspace of BP at (middle-x (BP) + x, middle-y(BP) + 60); 
change the text of the label of P to "[next-label]" 
call POOLPOST-NAME-IT-PROC (P, Win); 
make P permanent 
return; 
exit-routine 

md = call uil-create-message-dialog f md", "Change the label of the new post to the next consecutive 
number, such as ppl3, place it in next position, and connect it to the connection of the last raised 
post, and select name-it from its menu", win, the symbol none, 0, 0); 

transfer P to the workspace of BP at (middle-x (BP) + 100, middle-y(BP) + 100); 

make P permanent; 

if the biopool-p-post connected at the pOl of BP exists then 

move the biopool-p-post connected at the pOl of BP to (middle-x (BP) - 63, middle-y(BP) + 100); 
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an user-menu-choice 

Label name-it 
Applicable class biopool-post 
Condition the item has no name 

Action start POOLPOST-NAME-IT-PROC (the Item, this window) 



POOLPOST-NAME-IT-PROC (post class biopool-post, win: class window) 
BR = the bioreservoir superior to the workspace of post; 
length - length-of-text C[the name of BRr ); 
base-name = omit-from-text ("[the name of BR]", length - 1, length); 
post-name = insert-in-text ( "{the label of post]", base-name, length - 1); 
change the name of post to symbol ("[post-name]"); 
change the text of the label of post to "[post-name]"; 
change the face-color icon-color of post to green; 
make post permanent; 
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Label 

Applicable class 

Condition 

Action 



TABLE 94 
an user-menu-choice 

unname-it 

biopool-post 

the item has a name 

start POOLPOST-REMOVE-NAME-PROC (the item, this window) 



POOLP05T-REMOVE-NAME-PROC (post: dass biopool-post, W: class window) 
change the text of the names of post to "none"; 
change the text of the ref-bioprocess of post to "none"; 
length = length-of-text (the label of post); 
base-label = omit-from-text (the label of post, 1, length - 4); 
change the text of the label of post to "[base-labeir; 
change the face-color icon-color of post to light-gray; 
make post permanent; 



TABLE 95 
an user-menu-choice 

Label unname-it 
Applicable class biorole-post 
Condition the item has a name 

Action start ROLEPOST-REMOVE-NAME-PROC (the item, this window) 



ROLEPOST-REMOVE-NAME-PROC (post: class biorole-post, win: class window) 
if there exists a biopool connected to post then 
BR - the bioreservoir superior to the workspace of the biopool connected to post; 
if the biopool-post named by the name of post exists then 
PP = the biopool-post named by the name of post; 
change the text of the ref-bioprocess of PP to "none"; 
make PP permanent; 
change the text of the ref-bioreservoir of post to "none"; 
change the text of the names of post to "none"; 
change the text of the label of post to "none"; 
make post permanent; 
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TABLE 96 



an user-menu-choice 

Label set-refs 
Applicable class biorole-post 
Condition the item has a name 

Action start ROLEPOST-SET-REFS-PROC (the item, this window) 



ROLEPOST-SET-REFS-PROC (post class biorole-post, W: class window) 
BP = the bioprocess superior to the workspace of post; 
if there exists a biopool PO connected to post then 

BR = the bioreservoir superior to the workspace of PO; 
PP = the biopost named by the name of post; 

if post is a bioreactant-post and PP is not a biopool-r-post then inform the operator that "You are ..." 
else if post is a bioproduct-post and PP is not a biopool-p-post then inform the operator that "You are " 
else 

conclude that the ref-bioprocess of PP = the name of BP; 
make PP permanent; 

conclude that the ref-bioreservoir of post = the name of BR; 
make post permanent; 



TABLE 97 



initially show the subworkspace of INITIALIZATION-PANEL at the center of the screen 



TABLE 98 



BASIS-MENU-HEAD-CALLBACK (button: class button, win: class window, dlg-or-wksp: class item) 
if the user-mode of win is developer then start gdm-init-and-show -menu-system (developer-menu- 
head, win) else 

if the user-mode of win is modeler then start gdm-init-and-show-menu-system (modeler-menu-head, 
win) else 

if the user-mode of win is general or the user-mode of win is navigation then start gdm-init-and- 
show-menu-system (general -menu-head, win) else 

if the user-mode of win is simulation then start gdm-init-and-show-menu-system (simulation-menu- 
head, win); 

return 
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NAVIG-INIT-PROC (win: class window) 
inform the operator that "Initialization started"; 
for BP = each bioprocess do 
allow other processing; 

if the subworkspace of BP exists then activate the subworkspace of BP; 
for BR = each bioreservoir do 
allow other processing; 

if the subworkspace of BR exists then activate the subworkspace of BR; 
call BR-INnTAUZATION-PROC 0; 

inform the operator that The bioReservoirs have been initialized"; 
for BP = each bioprocess do 
if BP has a name then 

call BP-INITIALIZATION-PROC (BP); 

call DOWNSTREAM-CHAIN1NG-PROC (BP); 

call UPSTREAM-CHAINING-PROC (BP); 
inform the operator that The bioProcesses have been initialized and chaining is completed"; 
for BM = each biomodel do 
call BM-rNTTlALIZATION-PROC (BM); 
inform the operator that The bioModels have been initialized"; 



TABLE 100 



BR-IN1T1ALIZATION-PROC () 
for BR = each bioreservoir do 
if BR has a name then 
allow other processing; 
conclude that the status of BR is available; 
SW = the subworkspace of BR; 
PO = the biopool upon SW; 
conclude that the label of PO = the label of BR; 
change the text of the master-bioreservoir of BR to'Ithe name of BR]"; 
WS « the workspace of BR; 
if the bio-object-title upon WS exists then 

conclude that the compartment of BR = "[the label of the bio-object-title upon WS]"; 
if the warnings of BR /= "" then change the flag-color icon-color of BR to yellow 

else change the flag-color icon-color of BR to the status-color icon-color of BR;~ 
if there exists a biopool-r-post connected to PO then 
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if PRP has a name then 

if there exists a bioreactant-post RP such that (RP has a name and the name of RP = the name 
of PRP) then 

DBP = the bioprocess superior to the workspace of RP; 
conclude that the ref-bioprocess of PRP = the name of DBP; 
conclude that DBP is a-down-bioprocess-of BR; 
if there exists a biopool-p-post connected to PO then 
for PPP = each biopool-p-post connected to PO do 
if PPP has a name men 
allow other processing; 

if there exists a bioproduct-post PP such that (PP has a name and the name of PP = the name of 
PPP) then 

UBP = the bioprocess superior to the workspace of PP; 

conclude that the ref-bioprocess of PPP = the name of UBP; 

conclude that UBP is an-up-bioprocess-of BR; 
make BR permanent; 
return 



TABLE 101 



BP-INTTIALIZATION-PROC (BP: class bioprocess) 
SW: class kb-workspace = the subworkspace of BP; 
WS: class kb-workspace = the workspace of BP; 
allow other processing; 
conclude that the status of BP is available; 
if there exists a bioengine E upon SW then 
change the type-color icon-color of BP to the type-color icon-color of the bioengine upon SW; 
conclude that the label of E = the label of BP; 
change the text of the master-bioprocess of BP to "|the name of BPJ"; 
if the bio-object-title upon WS exists then 

conclude that the compartment of BR = "(the label of the bioobject-title upon WS]"; 
if the warnings of BP /= " then change the flag-color icon-color of BP to yellow else 

change the flag-color icon-color of BP to the type-color icon-color of BP; 
if there exists a btoreactant upon SW then 
for R = each bioreactant upon SW do 
allow other processing; 
RP = the bioreactant-post connected to R, 
if RP has a name then 

if there exists a biopost PRP such that (PRP has a name and the name of PRP = the name of RP and 
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PRP is not a biopoo)-r-post) then inform the operator that "A wrong connection has been 
establised. A bioreactant-post named [uv name of RP] has been given the same name as a 
biopost that is not a biopool-r-post" else 
if there exists a biopool-r-post PRP such that (PRP has a name and the name of PRP = the name of 
RP)then 

UBR = the bioreservoir superior to the workspace of PRP; 
conclude that the ref-bioreservoir of RP = the name of UBR; 
if there exists a bioprocess that is an-up-bioprocess-of UBR then 
for USBP = each bioprocess that is an-up-bioprocess-of UBR do 
conclude that USBP is an-upstream-bioprocess-of BP; 
if there exists a bioreservoir that is an-up-bioreservoir-of USBP then 
for USBR = each bioreservoir -that is an-up-bioreservoir-of USBP do 
conclude that USBR is an-upstream-bioreservoir-of UBR; 
if there exists a bioproduct upon SW then 
for P = each bioproduct upon SW do 
allow other processing; 
PP = the bioproduct-post connected to P; 

if PP has a name then - "• --<•' 

if there exists a biopost PPP such that (PPP has a name and the name of PPP = the name of PP and 
PPP is not a biopool-p-post) then inform the operator that "A wrong connection has been 
establised. A bioproduct-post named [the name of PP] has been given the same name as a 

biopost that is not a biopool-p-post" else - 

if there exists a biopool-p-post PPP such that (PPP has a name and the name of PPP = the name of 
PP)then 

DBR = the bioreservoir superior to the workspace of PPP; > '. ■ ''.>■ 

conclude that the ref-bioreservoir of PP = the name of DBR; 
if there exists a bioprocess that is a-down-bioprocess-of DBR then 
for DSBP = each bioprocess that is a-down-bioprocess-of DBR do 
allow other processing; 

conclude that DSBP is a-downstream-bioprocess-of BP; * 
if there exists a bioreservoir that is a-down-bioreservoir-of DSBP then 
for DSBR = each bioreservoir that is a-down-bioreservoir-of DSBP do 
conclude that DSBR is a-downstream-bioreservoir-of DBR; 
make BP permanent- 
return; 



TABLE 102 



DOVVNSTREAM-CHAIMNG-PROC (BP: class bioprocess) 
if there exists a bioprocess that is a-downstream-bioprocess-of BP then 
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for BP1 = each bioprocess that is a-downstream-bioprocess-of BP do 
allow other processing; 

if there exists a bioprocess that is a-downstream-bioprocess-of BP1 then 
for DBP = each bioprocess that is a-downstream-bioprocess-of BP1 do 
if DBP is not a-downstream-bioprocess-of BP then 
allow other processing; 

conclude that DBP is a-downstream-bioprocess-of BP; 
call DOWNSTREAM-CHAINING-PROC (DBP); 
if there exists a bioreservoir that is a-down-b toreservoir-of BP then 
for BR1 =each bioreservoir that is a-down-bioreservoir-of BP do 
allow other processing; 

if there exists a bioreservoir that is a-downstream-bioreservoir-of BR1 then 
for BR2 =each bioreservoir that is a-downstream-bioreservoir-of BR1 do 
if there exists a bioreservoir that is a-downstream-bioreservoir-of BR2 then 
for DBR = each bioreservoir that is a-downstream-bioreservoir-of BR2 do 
if DBR is not a-downstream-bioreservoir-of BR1 then 
allow other processing; ■ . ■ 

conclude that DBR is a-downstream-bioreservoir-of BR1; ■ . ■ j 



TABLE 103 



UPSTREAM-CHADMING-PROC (BP: class bioprocess) 
if there exists a bioprocess that is an-upstream-bioprocess-of BP then 
for BP1 = each bioprocess that is an-upstream-bioprpcess-of BP do 
allow other processing; 

if there exists a bioprocess that is an-upstream-bioprocess-of BP1 then 
for UBP = each bioprocess that is an-upstream-bioprocess-of BP1 do 
if UBP is not an-upstream-bioprocess-of BP then 
allow other processing; 

conclude that UBP is an-upstream-bioprocess-of BP; 

call UPSTREAM-CHAINING-PROC (UBP); 
if there exists a bioreservoir that is an-up-bioreservoir-of BP then 
for BRl -each bioreservoir that is an-up-bioreservoir-of BP do 
allow other processing; 

if there exists a bioreservoir that is an-upstream-bioreservoir-of BRl then 
for BR2 =each bioreservoir that is an-upstream-bioreservoir-of BRl do 
if there exists a bioreservoir that is an-upstream-bioreservoir-of BR2 then 
for UBR = each bioreservoir that is an-upstream-bioreservoir-of BR2 do 
if UBR is not an-upstream-bioreservoir-of BRl then 
allow other processing; 
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TABLE 104 



INIT-BM-CONTAINED-CALLBACK (button: class uil-button, win: class window, wksp: class kb- 
workspace) 

inform the operator that "New biomodel names and containing relations will now be established"; 
for each biomodel BM da 

call BIOMODEL-INmALIZATION-PROC (BM); 
inform the operator that "New biomodel names and containing relations are now completed" 
return 



BIOMODEUNITIALIZATION-PROC (BM: class biomodel) 
view = the SW of BM 

set the title upon view equal to "the label of BM - the title of view"; 
for each biomodel BM1 upon view do: 
conclude that BM1 is BM-CONTAINED-IN BM; 
for each biomodel CBM that is the-ccn taiiier-of-bm BM do: 

conclude that BM1 is BM -CONTAINED -IN CBM; ■ 
call BIOMODEL-INniALIZATlON-PROC (BM1); 

if the warnings of BM is not empty then ~ 

change the flag-color of BM to yellow else change the flag-color of BM to gray; 
for each bioProcess BP upon view do: . 
conclude that BP is BP-CONTAINED- IN BM; 
for each biomodel CBM that is tlie-conuiiner-of-tm BM da 
conclude that BP is BP -CONTAINED- IN CBM; 
for each bioReservoir BR upon view do: 
conclude that BR is BR^CONTAINED-IN BM; 
for each biomodel CBM1 that is the-container-of-bm BM do 
conclude that BR is BR-CONTAlNED-IN CBM; 
return 



TABLE 105 ■ 



ADD-QUERY-CALLBACK (button: class uil-button, win: class window, panel: class selection-panel) 
call ET-tNITIAUZATION-PROC 0; 
call INTT-QUERY-TABLES-PROC (win); 

return ~ 
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TABLE 106 



QUERY -INTT-CALLBACK (button: class button, win: dass window, panel: class selection-panel) 
call NAV1G-BMTT-PROC (win); 
call ET-INmAUZATlON-PROC 0; 
call INTT-QUERY-TABLES-PROC (win); 
return 



TABLE 107 



ET-DM1T1AL12ATI0N-PR0C 0 
ru integer = 0; 

for ET = each complex-bioentity do 
if ET has a name then 
n = 0; 

conclude that the id of ET = "(the name of ET]-0"; 

for CE = each complex-bioentity that is of the class named by the class of ET do 
if the master-bioentity of CE = the name of ET then 
n = n + 1; 

conclude that the id of CE = "Ithe name of ETJ-[n]"; 
return ; 



TABLE 108 



INTT-QUERY-TABLES-PROC (win: dass g2-window) 
activate the subworkspace of QUERY-ARRAYS-BIN; 

if there exists a query-array upon the subworkspace of QUERY-ARRAYS-BIN then 
for QA = each query-array upon the subworkspace of QUERY-ARRAYS-BIN do 
make QA transient; 
delete QA; 

if there exists a query-list upon the subworkspace of QUERY-LISTS-BIN then 
for QL = each query-list upon the subworkspace of QUERY-LISTS-BIN do 
delete QL; 

call ^^N^>BIOE^^m-DEFIN^^ONS-PROC o. 

call CREATE -QUERY-L1STS-PROC 0; 

for QL - each query-list upon the subworkspace of QUERY-LISTS-BIN do 
CL = the ref -component-class of QL; 

if there exists a bioentity EC that is of the dass named by CL then 
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for EC = each bioentity that is of the class named by CL do 

call FIND-NAMED-BIOENTITIES-WITH-COf iPONENT-PROC (EC QL, win); 

conclude that the lenght of QL = the number of elements in QL; 
call COMPLETE-QUERY-TABLE-PROC (win); 
call CREATE-AUXHJARY-QUERY-ARRAYS-PROC (win); 
deactivate the subworkspace of QUERY-ARRAYS-BIN; 
activate the subworkspace of QUERY-ARRAYS-BIN; 
inform the operator that The master query lists have been completed" 



TABLE 109 



rTNaBIOENTrTY-DEFINTriONS-PROC 0 

forB = each uil-goto-workspace-button upon the subworkspace of BIOENiu iES do 
for Bl = each uil-goto-workspace-button upon the subworkspace of B do 
if there exists an object-definition upon the subworkspace of Bl then 
for OD = each object-definition upon the subworkspace of Bl do 
call CREATE-QUERY-ARRAY-PROC (OD) 
else 

for B2 = each uil-goto-workspace-button upon the subworkspace of Bl do 
if there exists an object-definition upon the subworkspace of B2 then 
for OD = each object-definition upon the subworkspace of B2 do 
allow other processing; 
call CREATE-QUERY-ARRAY-PROC (OD) 
else 

for B3 = each uil-goto-workspace-button upon the subworkspace of B2 do 
if there exists an object-definition upon the subworkspace of B3 then 
for OD = each object-definition upon the subworkspace of B3 do 
call CREATE-QUERY-ARRAY-PROC (OD) 



TABLE 110 



CREATE-QUERY-ARRAY-PROC (MC class object-definition) 
SC = symbol (the text of the superior-class of MC); 
SW = the subworkspace of query-arrays-bin 
case (SQ of 
protein-site : 
create a query-array MA; 
transfer MA to SW at (-160, -265); 
CL = the text of the class-name of MC; 
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change the text of the major-class of MA to "protein-site"; 
change the text of the ref -com portent-class of MA to "[CL]"; 
change the name of MA to symbol nCLJ-query-array"); 
protein- modified -group : 
create a query-array MA; 
transfer MA to SW at (-160, -265); 
CL = the text of the class-name of MC; 

change the text of the major-class of MA to "protein-modified-gTOup"; 

change the text of the ref-component-dass of MA to "(CL)"; 

change the name of MA to symbol f[CL]-query-array"); 
protein-motif: 

create a query-array MA; 

transfer MA to SW at (-160, -140); 

CL = the text of the class-name of MC; 

change the text of the major-class of MA to "protein-motif" ; 

change the text of the ref-component-class of MA to "[CLf; 

change the name of MA to symbol f [CL]-query-array"); 
protein-domain: 

create a query-array MA; 

transfer MA to SW at (-160. -10); 

CL = the text of the class-name of MC; 

change the text of the major-class of MA to "protein-domain"; 

change the text of the ref-component-class of MA to "[CL]"; 

change the name of MA to symbol ("[CL]-query-array"); 
protein: 

create a query-array MA; 

transfer MA to SW at (-160, 120); 

CL = the text of the class-name of MC; 

change the text of the major-class of MA to "protein"; 

change the text of the ref-component-dass of MA to "[CL]"; 

change the name of MA to symbol f [CL]-query-array"); 
heter.mol.complex: 

create a query-array MA; 

transfer MA to SW at (-160, 245); 

CL = the text of the class-name of MC; 

change the text of the major-class of MA to "heter.mol.complex"; 
change the text of the ref-component-class of MA to "[CL]"; 
change the name of MA to symbol f[CL}-query-array"); 
dna -component -. 

create a query-array MA; 
transfer MA to SW at (-160, 370;; 
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CL = the text of the class-name of MC; 
change the text of the major-class of MA to "dna -component"; 
change the text of the ref-component-class of MA to "[CL]"; 
change the name of MA to symbol ("ICLl-query-array"); 
nucleic-acid: 

create a query-array MA; 
transfer MA to SW at {-160, 370); 
CL = the text of the class-name of MC; 
change the text of the major-class of MA to "nudeic^acid"; 
change the text of the ref-component-class of MA to "ICL]"; 
change the name of MA to symbol f[CL)-query-array"); 
otherwise 

allow other processing; 



TABLE 111 



CREATE-QUERY-USTS-PROC 0 
SW ■ the subworkspace of QUERY-ARRAYS-BIN ; 
for QA = each query-^array upon SW do 

allow other processing; 

QAN = the name of QA; 

create a query-list QL; 

transfer QL to SW at (middle-x(QA), middle-y (QA)); 
change the text of the ref-array of QL to "IQAN]"; 
change the text of the ref-component-class of QL to "(the ref- 
component-class of QA]"; 



TABLE 112 



FIND-NAMED-BIOENTTTIES-WITH-COMPONENT-PROC (EC class bioentity , QL: class query-list, 

win; dass window) 
if EC has a name then 

call SEEK-BIOENTITY-COPIES-PROC (EC, QL, win) 
else 

allow other processing; 

SECN = call FIND-NAMEI>BIOENTITY (EC, win); 
if SECN is not none then 

allow other processing; " 

SEC = the bioentity named by SECN; 
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call SEEK-BIOENTTTY-COPIES-PROC (SEC QL, win); 

return; 



TABLE 113 



nND-NAMED-BIOENTTTY (E class bioentity, win; class window) = (symbol ) 
SE1 - the object superior to the workspace of E; 
if SE1 is not a bioentity then return the symbol none else 
if SE1 has a name then return the name of SE1 else 
5E2 = the object superior to the workspace of SE1; 
if SE2 is not a bioentity then return, the symbol none else 
if SE2 has a name then return the name of SE2 else 
SE3 = the object superior to the workspace of SE2; 
if SE3 is not a bioentity then return the symbol none else 
if SE3 has a name then return the name of SE3else 
SE4 = the object superior to the workspace of SE3; 
if SE4 is not a bioentity then return the symbol none else 
if SE4 has a name then return the name of SE4 else . 
SE5 = the object superior to the workspace of SE4; 
if SE5 is not a bioentity then return the symbol none else 
if SE5 has a name then return the name of SE5 else 
5E6 = the object superior to the workspace of SE5; 
if SE6 is not a bioentity then return the symbol none else 
if SE6 has a name then return the name of SE6; 



TABLE 114 



SEEK-BIOENTrrY-COPlES-PROC (SE: class bioentity, SEL class query-list, win: class window) 
EN: symbol = the name of SE; 
insert EN at the end of the symbol list SEL; 
CL = the class of SE; 
if SE is a PROTEIN-MOTIF then 
if there exists a protein-motif CSE that is of the class named by CL such that (the text of the 
master-bioentity of CSE = "JEND then 
for CSE = each protein-motif that is of the class named by CL do 
allow other processing; 

if the text of the master-bioentity of CSE = "[EN]" then 

call FI>n>NAMEI>BIOENTn'IES-VVTrH<IOMPOMENT-PR0C (CSE, SEL, win); 

else 
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if SE is a PROTEIN-DOMAIN then 
if there exists a protein-domain CSE that is of tne class named by CL such that (the text of the 

master-bioentity of CSE = "[EN]") then 
for CSE - each protein-domain that is of the class named by CL do 
allow other processing; 

if the text of the master-bioentity of CSE = "(EN]" then 

call FINCVNAMED-BIOENTTnES-WrrH-COMPONENT-PROC CSE, SEL, win); 

else 

if SE is a SMALL-COMPONENT then 
if there exists a small-component CSE that is of the class named by CL such that (the text of the 

master-bioentity of CSE = "[EN]") then 
for CSE = each small-component that is of the dass named by CL do 
allow other processing; 

if the text of the master-bioentity of CSE = "[EN]" then 
call FINT)^AMEI>BIOENTrnES-WrTH<:0h^NENT-PROC (CSE, SEL, win); 

else 

if SE is a DNA-COMPONENT then 
if there exists a dria-com portent CSE that is of the class named by CL such that (the text of the 
master-bioentity of CSE = "[EN]") then 
for CSE = each dna-component that is of the class named by CL do 

allow other processing; 

if the text of the master-bioentity of CSE = "[EN]" then 

call FINI>NAMEI>B10ENTrTIES-WlTH-COMPONENT-PROC (CSE, SEL, win); 

else 

if SE is a HETER.MOLCOMPLEX then 
if there exists a heter.mol-complex CSE that is of the class named by CL such that (the text of the 
master-bioentity of CSE = "[EN]") then 
for CSE = each heter.mol.complex that is of the class named by CL do 
allow other processing; 

if the text of the master-bioentity of CSE = "[EN]" then 

call HNI>NAMEr>B10ENTTTIES-Wrra-COMPONENT-PROC (CSE, SEL, win); 

else 

if SE is a PROTEIN then 
if there exists a protein CSE that is of the class named by CL such that (the text of the 

master-bioentity of CSE = "[ENf ) then 
for CSE = each protein that is of the class named by CL do 
allow other processing; 

if the text of the master-bioentity of CSE = "(EN]" then 
call FINr>NAMEr>BIOENTTriES-WrrH-COMPONENT-PROC (CSE, SEL, win); 

else 

if SE is a NUCLEIC-ACID then 
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if there exists a nucleic-acid CSE that is of the class named by CL such that (the text of the 
master-bioentity of CSE = "(EN]") then 
for CSE = each nucleic-acid that is of the class named by CL do 
allow other processing; 

if the text of the master-bioentity of CSE = TEN]" then 

call FI^NAMEr>BlOENTrnESVmTI^OMPONENT-PROC (CSE, SEL, win); 

else 

if SE is a MEMBRANE then 
if there exists a membrane CSE that is of the class named by CL such that (the text of the 
master-bioentity of CSE = TEN]" ) then 
for CSE = each membrane that is of the class named by CL do 
allow other processing; 

if the text of the master-bioentity of CSE = "[EN]" then 

call rTNT>NAMED-BIOENTrnES-WnH-COMPONENT-PROC (CSE, SEL, win); 

else 

if SE is a BIOENTTTY then 
if there exists a bioentity CSE that is of the class named by CL such that ( the text of the 
master-bioentity of CSE = "]ENr ) then 
for CSE = each bioentity that is of the class named by CL do 
allow other processing; 

if the text of the master-bioentity of CSE = TEN]" then 

call FTNI>NAMET>BlOENTrTIES-VViTH-C0MP0NENT-PR0C (CSE, SEL, win); T 
return; 
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COMPLETE-QUERY -TABLE -PROC (wire class g2-window) 
ASW = the subworkspace of QUERY-ARRAYS-BIN; 
LSW = the subworkspace of QUERY-LISTS-BIN; 
if there exists a query-list upon LSW then 
for QL = each query-list upon LSW do 
if the lenghtof QL > 0 then 
if there exists a query-array QA upon ASW such that (QA is the same object as the query-array 
named by the ref-array of QL) then 
allow other processing; 

change the array-length of QA to the lenght of QL; 
for S s each symbol in QL do 

IV = the text of the initial-values of QA; 

change the text of the initial-values of QA to "[IV], IS]"; 
IV = omit-from-text (the text of the initial-values of QA, 1, 6); 
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change the text of the initial-values of QA to "[TV]"; 
make QA permanent; 
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a sup-et-array 

Names A-HEUX-MOTIF-QUERY-ARRAY 
Array length 28 
Element type symbol 

Initial values a.helix.domain.mc, gh.ma, prolactin. ma. 



fsomatolactirtma, rn.epo.ma, il2.ma, rn.il6.ma, 
m.g.csf.ma, cmgf.ma, il6.ma, g.csf.ma, 
mJif.ma, osm.ma, r.cntf.ma, lif.ma, m.il4.ma, 
m.il3.ma, m.gm.csf.ma, m.U5.ma, i!4.ma, 
il5.ma, il3.ma, gm.csf.ma. rail7.ma, m.il9.ma, 
i!7.ma, il9.ma, a.helix.motif.mc 

Ref component class a-helix-motif 

Major class protein-motif 



a query-list 

Names A-HELIX-MOTTF-QUERY-LET 

Element type symbol 

Allow duplicate elements? no 

Ref component class a-helix-motif 

Ref array a-helix-motif-query-array 

Lenght 28 



TABLE 117 : . 



CREATE-AUX1UARY-QUERY-ARRAYS-PROC (wire class window) 
SW = the subworkspace of QUERY-ARRAYS-BIN 
create a query-array MA; 
transfer MA to SW at {-160, -390); 

change the name of MA to the symbol no-group-selection-query-array; 
make MA permanent; 
create a query-array MA; 
transfer MA to SW at (-160, -390); 

change the name of MA to the symbol no-motif-selection-query-array; 
make MA permanent; 
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create a query-array MA; 
transfer MA to SW at (-160, -390); 

change the name of MA to the symbol no-domain-selection-query-array; 
make MA permanent; 
create a query-array MA; 
transfer MA to SW at (-160, -390); 

change the name of MA to the symbol no-subunit-selection-query^array; 
make MA permanent; 
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INTT-ICONS-CALLBACK (button: class button, wirt class window, panel : class selection-panel ) 

call rNTT-BR-ICONS-PROC 0; 
call INTT-BP-ICONS-PROC 0; 

return ' 1 ' 



nsirr-BR-icoNS-PROC o 

for BR = each bioreservoir do 
if the subworkspace of BR exists then 
allow other processing; 
WS = the subworkspace of BR; 
P s the biopool upon WS; 
for GL = each c-graph-link connected to P do 

change the core stripe-color of GL to transparent; ■ 
if there exists a c-graph-tracer upon WS then 
SG = the c-scaled-br-graph-tracer connected to P; 
move SG to (left-edge(P) - 8, middle-y(P) + 11); 
AG = the c-absolute-br-graph-traeer connected to P; 
move AG to (teft-edgefP) - 8, middle-y(P) - 10); 
CH = the c-br-chaininig-tracer connected to P; 
move CH to (right-edge(P) + 7, middle-y(P)); 
change the size of WS to minimum; 
make WS permanent; 



INTT-BP-ICONS-PROC 0 
for BP = each bioprocess do 
if the subworkspace of BP exists then 
allow other processing; 
WS = the subworkspace of BP; 
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E = the bioengine upon WS; 
for GL = each c-graph-link connected to E do 
change the core stripe-color of GL to transparent; 
ST = the c-scaled-bp-graph-tracer connected to E; 
move ST to (Ieft-edge(E) - 9, middle-y(E) + 11); 
CH = the c-bp-chainimg-tracer connected to E; 
move CH to (left-edge(E) - 9, middie-y(E) - 11); 
UP = the c-up-path-tracer connected to E; 
move UP to (right-edge(E) + 9, middle-y{E) + 11); 
DN = the c-down-path-tracer connected to E; 
move EN to (right-edge(E) + 9, middte-y{E) - 11); 
if there exists a bioreactant-post upon WS then 
for RP - each bioreactant-post upon WS do 
R s the bioreactant connected to RP; 
move RP to (left-edge(R) - 3, middle-y(R)); 
if there exists a bioproduct-post upon WS then 
for PP = each bioproduct-post upon WS do 
P = the bioproduct connected to PP; 
move PP to (right^dge(P) + 4, middle-y(P)); 
change the size of WS to minimum; 
make WS permanent; 
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ALL-INTT-CALLBACK (button: class button, win: class window, panel: class selection-panel) 
call NAVIG-DMIT-PROC (win); 
call SIMUL-IN1T-PROC (win); 
call INTT-BR-ICONS-PROC 0; 
call INTT-BP-ICONS-PROC 0; 
return 
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an user-menu-choice 

Label details 

Applicable class bioprocess 

Condition the subworkspace of the item exists 

Action start DETAILS-BP-PROC (the item, this window) 
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DETAILS-BP-PROC (BP: class bioprocess, WIN: class window) 
if the subworkspace of BP exists then 
SW = the subworkspace of BP; 
if the toggle-state of BP is hide then: 
if the status of bP is available then 
conclude that the status of bP is selected; 
activate SW; 

change the status-color of BP to brown; 
conclude that the toggle-state of BP is show; 
E = the bioengine upon SW ; 

move the scaled-bp-graph-tracer connected to E to (left-edge(E) - 9, middle-y(E) + 11); 
move the bp-chaininig-trarer connected to E to (right-edge(E) - 9, middle-y(E) - 10); 
move the up-path-tracer connected to E to (right-edgefE) + 9, middle-y(E) + 11); 
move the down-path-tracer connected to E to (right-edge(E) + 9, middle-y(E) - 10); 
for each bioreactant R upon view do 

move the bioreactant-post connected to R to (left-edge(R) - 3, middle-y(R)); 
for P as each bioproduct upon view do 

move the bioproduct-post connected to P to (right-edge(P) + 4, middle-y(P)); 
change the size of SW to minimum; 
show SW on Win at the center of the screen; 
else if the toggle-state of BP is show then: — 
conclude that the toggle-state of BP is hide; t . : , 

change the status-color of BP to slate-blue; 
if the status of bP is selected then 

conclude that the status of bP is available; 
deactivate SW ; 
hide SW on Win 
else if the master-bioprocess of BP has a value then 

call BP-MASTER-DETAILS-PROC (BP, win) 
else return 



BP-MASTER-DETAILS-PROC (BP: class bioprocess, wire class window) 
MA = the bioprocess named by the master-bioprocess of BP; 
if the toggle-state of BP is hide then 
conclude that the toggle-state of BP is show; 

if the subworkspace of the item named by the master-bioprocess of BP exists then 
SW = the subworkspace of MA; 
change the size of SW to minimum; 

show SW at full scale with its center at the center of the screen; 
conclude that the toggle-state of MA is show, 
else 
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if the toggie-state of BP is show then 
conclude that the toggle-state of BP is hide; 
conclude that the toggle-state of MA is hide; 
hide the subworkspace of MA on win; 
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an user-menu-choice 



Label 



details 



Applicable class bioreservoir 
Condition none 



Action 



start DETA1LS-BR-PROC (the item, this window) 



DETAILS-BR-PROC (BR: class bioreservoir, win: class window) 
if the subworkspace of Br exists then 
SW = the subworkspace of BR; 
if the toggle-state of BR is hide then 

change the status-color icon-color of BR to brown; 

conclude that the toggle-state of BR is show; 

CL = the br-chaininig-tracer connected to the biopool upon SW; 

SG = the scaled-br-grapn-tracer connected to the biopool upon SW; 

AG = the absolute-br-graph-tracer connected to the biopool upon SW; 

move CL to (right-edge(P) + 6, middle-y(P)); 

move SG to (left-edge(P) - 8, middle-y(P) + 11); 

move AG to (lef t-edge(P) - 8, middle-y(P) - 10); 

change the size of SW to minimum; 

show the subworkspace of BR on win at full scale with its bottom left corner 200 units to the right of 
the center of the screen; 

else 

conclude that the toggle-state of BR is hide; 

change the status-color icon-color of BR to medium-aquamarine; 

hide the subworkspace of BR on win; 
else if the master-bioprocess of BP has a value then 

call BR-MASTER-DETAILS-PROC (BP, win) 
else return 



BR-MASTER-DETATLS-PROC (BR: class bioreservoir, win: class window) 
MA = the bioreservoir named by the master-bioreservoir of BR; 
if the toggle-state of BR is hide then 
conclude that the toggle-state of BR is show; 
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if the subworkspace of the item named by the master-bioreservoir of BR exists then 
SW = the subworkspace of MA; 
change the size of SW to minimum; 

show SW at full scale with its center at the center of the screen; 
conclude that the toggle-state of MA is show; 
if the text of the user-mode of win /= "simulation" then 
change the status-color icon-color of MA to brown; 

else 

conclude that the toggle-state of BR is hide; 
conclude that the toggle-state of MA is hide; 
hide the subworkspace of MA on win; 
if the text of the user-mode of win /= "simulation" then 
change the status-color icon-color of MA to slate-blue; 
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an user-menu-choice 

Label details 
Applicable dass complex-bioentity 
Condition none 

Action start ET-DETAILS-PROC (the item, this window) _ . t . 

ET-DETAILS-PROC (EN: class complex-bioentity, W: class window) . „ _ 
if the subworkspace of EN exists then view = the subworkspace of EN 
if the toggle-state of EN is hide then 

conclude that the toggle-state of EN is show; 

show view at the center of the screen ; 
if the master-bioentity of the item has a value then 

if the bioentity named by the master-bioentity of EN has a SW then 

master-view = the subworkspace of the bioentity named by the master-bioentity of EN; 
change the size of master-view to minimum; 
show master-view at the center of the screen; 

else 

if the toggle-state of EN is show then 
conclude that the toggle-state of EN is hide; 
hide view on W; 
hide master-view on W 
return; 
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an user-menu-choice 

Label show-br 
Applicable class biorole-post 
Condition the item- has a name 

Action start ROLEPOST-SHOW-BR-PROC (the item, this window) 



ROLEPOST-SHOW-BR-PROC (post class biorole-post, W: class window) 
BP = the bioprocess superior to the workspace of post; 

if post has a name then BR = the bioreservoir named by the ref-bioreservoir of post 
else 

if there exists a bioreservoir ABR such that (ABR has no name and the master-bioreservoir of ABR has 
a current value and the master-bioreservoir of ABR = the ref-bioreservoir of post) then BR ■ ABR; 
change the size of the subworkspace of BP to minimum; 
case (the toggle-state of post ) of 

show: 

change the color-pattern of post so that light-color is dim-gray , dark-color is light-gray ; 
conclude that the toggle-state of post is hide; 
case (the class of post) of 
bioreactant-post : 

show the subworkspace of BR on W at full scale with its center 400 units to the left of the center 

of the screen; 

change the color-pattern of post so that white-color = the symbol black; 
bioproduct-post: 

show the subworkspace of BR on W at full scale with its center 400 units to the right of the center 
of the screen; 

hide 

change the color-pattern of post so that light-color is light-gray, dark-color is dim-gray ; 

conclude that the toggle-state of post is show; 

hide the subworkspace of BR on W; 

if the class of post is bioreactant-post then 

change the color-pattern of post so that white-color = the symbol white; 
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an user-menu-choice 

Label show-bp 
Applicable class biopool-post 

Condition the item has a name and the ref-bioprocess of the 
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item has a value 

Action start POOLPOST-SHOW-BP-1'ROC (the item, this window) 



POOLPC6T-SH0W-BP-PR0C (post dass biopool-post, win: class window) 
BP = the bioprocess named by the ref-bioprocess of post 
change the size of the subworkspace of BP to minimum; 
case (the toggle-state of post ) of 
show: 

change the color-pattern of post so that light-color is dim-gray , dark-color is light-gray , white- 
color = the symbol black; 
conclude that the toggle-state of post is hide; 
case (the class of post) of 
biopool-p-post: show the subworkspace of BP on W at full scale with its center 280 units above the 

center of the screen; 
biopool-r-post 
show the subworkspace of BP on W at full scale with its 
center 280 units below the center of the screen; 

hide: 

change the color-pattern of post so that light-color is light-gray , 

dark-color is dim-gray , white-color = the symbol white; 
conclude that the toggle-state of post is show; 
hide the subworkspace of BP on W; 
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an user-menu-choice 

Label bioentity 
Applicable class bioreservoir 

Condition the ref-bioentity of the item has a value 

Action change the size of the subworkspace SW of the bioentity named by the ref-bioentity 

of the item to minimum and show SW on win at the center of the screen; 



an user-menu-choice 
Label bioentity 
Applicable class biopool 

Condition the ref-bioentity of the bioreservoir superior to the workspace of the item has a value 

Action change the size of the subworkspace SW of the ref-bioreservoir superior to the 
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workspace of the item to minimum and show SW on this window at the center of 
the screen 



an user-menu-choice 
Label bioentity 
Applicable class biorole-object 

Condition the ref-bioentity of the bioreservoir superior to the biopool connected to the item 

has a value 

Action change the size of the subworkspace SW of the ref-bioentity of the bioreservoir 

superior to the biopool connected to the item to minimum and show SW on this 
window at the center of the screen 
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an user-menu-choice 
Names none 
Label show-references 
Applicable class bioreservoir 
Condition none 

Action start SHOW-RE FERENCES-OF-ARRAY-PROC (the item, this window) 



SHOW-REFERENCES-OF-ARRAY-PROC (BR class bioreservoir, win: class window) . 
array = the references-array that gives the references of BR; 
BIN = the subworkspace of REFERENCES-BIN; 

x = 0; 
y = 0; 

if the array-length of array /= 0 then 
create a workspace WS by cloning the subworkspace of REFERENCE-WS; 
for ref-button = each go-to-subws-button upon BIN do 
SW = the subworkspace of ref-button; 
for R - each cabe-reference upon SW do 
for T = each text in array do 
if T /= *"* and the short-ref of R = T then 
create a cabe-reference Rl by cloning R; 
transfer Rl to WS at (x, y); 
y = y-50; 
if y< -900 then 
x = x + 300; 
y = 0; 

change the size of WS to minimum; 
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CREATE<]ENERAL-STRUCTURE-SELECT10N-PANEL-CALLBACK (menu: class menu-option, win: 
class window) 

md = call create-message-dialog (md", Trocessing ", the symbol extra-large, win, 0, 0); 

panel = call done-panel (KLASTER-GENERAL-STRUCTURE-QUERY-PANEL); 
SW = the subworkspace of panel; 

call SET-RADIO-BOX-ID-PROC fgeneral-structure-panel", "GENERAL-STRUCTURE-QUERY- 

PANEL-radio-box", SW, win); 
if there exists a uil-medium-text-pushbutton de upon SW such that (the id of de = "de") then 

change the text of the callback of de to ^ELETE-QUERY-PANEL-CALLBACK"; 
show SW on win at the center of the screen; 
delete md; 
return; 
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SET-RADIOBOX-ID-PROC (r-id: text, rb-id: text, SW: class workspace, win: class window) 
if there exists a radio-button r upon SW such that (the id of r = r-id) then 
rb = the radio-box that is the-group-master-of r; 

urb-id = call unique-id f Irb-idD; 
conclude that the id of rb = "[urb-id]"; 
return; 

GET-RADIO-BOX-ID-PROC (r-id: text, SW: class workspace, win: class window) = (value ) 
if there exists a radio-button r upon SW such that (the id of r = r-id) then 
rb = the adio-box that is the-group-master-of r; 
return "(the id of rb]"; 
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SELECT-GENERAL-STRUCTURE-QUERY-PANEL-CALLBACK (button: class button, win: class 
window, dig: class query-panel) 

SW = the subworkspace of dig; _ 

md = call create-message-dialog ("md", Trocessing ", the symbol extra-large, win, 0, 0); 
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rb-id = call GET-RADIO-BOX-ID-PROC fgeneral-structure-panel", SW, win); 
type = call get-radio-box-value (dig, rb-id); 
case (type) of 

subunits: MP = MASTER-SUBUNTIS-QUERY-PANEL; 
domains: MP - MASTER-DOMAINS-QUERY-PANEL; 
motifs: MP = MASTER-MOTIFS-QUERY-PANEL; 
groups: MP = MASTER-GROUPS-QUERY-PANEL; 
subunits-subunits: MP = MASTER-SUBUNITS-5UBUNITS-QUERY-PANEL; 
domains-domains; MP = MASTER-DOMAJNS-DOMAINS-QUERY-PANEL; 
domains-motifs: MP = MASTER-DOMAINS-MOTIFS-QUERY-PANEL; 
domains-groups: MP = MASTER-DOMAINS-GROUPS-QUERY-PANEL; 
motifs-motifs: MP ■= MASTER-MOTIFS-MOTIFS-QUERY-PANEL; 
motifs-croups: MP = MASTER-MOTIFS-GROUPS-QUERY-PANEL; 
groups-groups: MP = MASTER-GROUPS-GROUPS-QUERY-PANEL; 
panel = call clone-panel (MP); 

call CREATE-GENERAL-QUERY-PANEL-PROC (type, panel, win); 

show the subworkspace of dig with its bottom right corner at the bottom right corner of the screen; 
show the subworkspace of panel at the center of the screen; 
delete md; 
return; 
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CREATE-GENERAL-QUERY-PANEL-PROC (type symbol, panel: class query-panel, win: class window) 
SW = the subworkspace of panel; 

if there exists a radio-button B upon SW such that (the id of B = "subunits") then 

call SET-RADIO-BOX-ID-PROC ("subunits", "3-BR-rtype"K2UERY-radio-box", SW, win); 
if there exists a radio-button B upon SW such that (the id of B = "domains") then 

call SET-RADIO-BOX-ID-PROC ("domains", "4-BR-ltype]-QUERY-radio-box", SW, win); 
if there exists a radio-button B upon SW such that (the id of B = "motifs") then 

call SET-RADIO-BOX-ID-PROC ("motifs", "5-BR-{typeJ-QUERY- radio-box", SW, win); 
if there exists a radio-button B upon SW such that (the id of B ■ "groups") then 

call SET-RADIO-BOX-ID-PROC ("groups", "6-BR-[type]-QUERY-radio4)ox", SW, win); 
if there exists a radio-button B upon SW such that (the id of B = "subunits-2") then 

call SET-RADIO-BOX-ID-PROC ("subunits", "3-BR-{typeWUER*-radic**ox", SW, win); 
if there exists a radio-button B upon SW such that (the id of B = "domains-2") then 

call SET-RADIO-BOX-ID-PROC fdomains", "4-BR-|type]-QUERY-radi'o-box", SW, win); 
if there exists a radio-button B upon SW such that (the id of B = "motifs-2") then 

call SET-RADIO-BOX-ID-PROC ("motifs", "5-BR-{typeH2UERY-radio-box", SW, win); 

if there exists a radio-button B upon SW such that (the id of B = "groups-2") then 
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call SET-RADIO-BOX-ID-PROC ("groups", "6-BR-|type)-QUERY-raaio-box", 5W, win); 

if there exists a text-pushbutton de upon SW such that (the id of de = "de") then 

change the text of the callback of de to T>ELETE-QUERY-PANEL-CALLBACK"; 

show SW on win at the center of the screen; 

return; 
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QUERY-GENERAL-STRUCTURE-CALLBACK (button: class button, win : dass window, panel: class 
query-panel) 

md = call uil-create-message-dialog ("md", "Processing ", the symbol large, win, 0, 0); 

ETL, TX2 = call QUERY-CENERAL-STRUCTURE-PROC (panel, win); 

create a free-text FT2; 

change the text of FT2 to "\JX2)"; 

conclude that the scroll-title of ETL - TX2; 

conclude that FT2 is THE-TEST-TTEM-UST-OF ETL; 

call CREATE-GENERAL-QUERY-OUTPUT-PANEL-PROC (ETL, FT2, panel, win); 
delete md; 
return; 



TABLE 132 

QUERY-GENERAL-STRUCTURE-PROC (panel: dass query-panel, win : class window) = (class scroll - 
text-list, text) 

PN - the name of panel; 

SW = the subworkspace of panel; 

if there exists a radio-button B upon SW such that (the id of B = "subunits") then 

typel, PSA = call FIND-SPECIFIC-ARRAY-PROC ("subunits", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "subunits-2") then 

type2, PSA-2 = call FIND-SPECIFIC-ARRAY-PROC fsubunits-2". panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "domains") then 

type3, PDA - call FIND-SPECIFIC-ARRAY-PROC f domains", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "domains-2") then 

type4, PDA-2 = call FIND-SPECIFIC-ARRAY-PROC f domains-2", pand, win); 
if there exists a radio-button B upon SW such that (the id of B = "motifs") then 

type5, PMA = call FIND-SPECIFIC-ARRAY-PROC ("motifs", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "motifs-2") then 

type6, PMA-2 = call FIND-SPECIFIC-ARRAY-PROC fmotife-2", panel, win); _ 
if there exists a radio-button B upon SW such that (the id of B = "groups") then 
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type7, PGA = call rTM>SPECIFIC-ARRAY-PROC ("groups", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "groups-2") then 

type8, PGA-2 = call FIND-SPECIFIC-ARRAY-PROC ("groups-2", panel, win); 
if PSA exists then 
if PSA-2 exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "[PNHypel-type2-ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-TWO-STRUCTURE-LBTS-PROC (the symbol subunit, the symbol 
subunit, typel, type2, PSA, PSA-2, panel, win); 

else 

TX2 = capitalize-words (-proteins with structures defined in this module that contain [typel]"); 

for Tl = each symbol in PSA do 
insert Tl at the end of the text list ETL; 

else 

if PDA exists then 
if PDA-2 exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = 1PN]-type3-type4-ETL") then 

go to final-routine 
else 

ETL, TX2 * call MERGE-TWO-STRUCTURE-LISTS-PROC (the symbol domain, the symbol 
domain, type3, type4, PDA, PDA-2, panel, win) 

else 

if PMA exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "[PNBype3-type5-ETL-) then 

go to final-routine 
else 

ETL, TX2 = call MERCE-TWO-STRUCTURE-USTS-PROC (the symbol domain, the symbol motif, 
type3, typeS, PDA, PMA, panel, win) 

else 

if PGA exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "[PN,-type3-type7-ETL") then 

go to final-routine 
else 

ETL,TX2 = call C-MERGE-TWO-STRUCTURE-L1STS-PROC 

(the symbol domain, the symbol group, type3, type7, PDA, PGA, panel, win) 

else 

TX2 = capitalize-words ("proteins with structures defined in this module that contain ltype3D; 
for Tl = each symbol in PDA do 

insert Tl at the end of the text list ETL; ~ 

else 
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ifPMA exists then 

if PMA-2 exists then 

if there exists a c-scroll-text-list ETL such that (the label of ETC. = "[PNl-type5-rype6-ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-TWO-STRUCTURE-USTS-PROC (the symbol motif, the symbol motif, 
typeS, type6, PMA, PMA-2, panel, win) 

else 

if PGA exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "[PN]-type5-type7-ETL") then 

go to final-routine 
else 

ETL, TX2 = call MERGE-TWO-STRUCTURE-USTS-PROC (the symbol motif, the symbol group, 
type5, type7, PMA, PGA, panel, win) 

else 

TX2 = capitalize-words ("proteins with structures denned in this module that contain [type5D; 
for Tl - each symbol in PMA do 
insert Tl at the end of the text list ETL; 

else 

if PGA exists then 
ifPGA-2 exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "(PNl-type7-type8-ETL") then 

go to final-routine 
else 

ETL, TX2 = call MERGE-TWO-STRUCTURE-USTS-PROC (the symbol group, the symbol group, 
type7, type8, PGA, PGA-2, panel, win) 

else 

TX2 = capitalize-words f proteins with structures defined in this module that contain [type7]"); 
for Tl = each symbol in PGA do 
insert Tl at the end of the text list ETL; 
return ETL, TX2; 

final-routine: 
TX2 «= the scroll-title of ETL; 
return ETL, TX2; 



TABLE 133 



FIND-SPEC1FIC-ARRAY-PROC (r-id: text, panel: class query-panel, win : class window) = (symbol, class 
query-array) 
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SW = the subworkspace of panel; 

rb-id = call C-GET-UIL-RADIO-BOX-ID-PROC (r-id. SW, win); 
type - call uil-get-radio-box-vatue (panel, rb-id); 
array-name = symbol C[typeK>UERY- ARRAY"); 

if the c-query-array named by array-name exists then QA = the c-query-array named by array-name 
else inform the operator that "[array-name) does not exist"; 
move QA to (middle-x (QA) + 50, middle-y (QA)); 
return type, QA; 



TABLE 134 



MERGE-TWO-STRUCTURE-LISTS-PROC (tagl: symbol, tag2: symbol, type* symbol, type5: symbol, 
QA1: class query-array, QAi class query-array, panel: class query-panel, win : class window) - (class 
scroll-text-list, text) 
PN = the name of panel; 

if there exists a c-scroll-text-list ETL such that (the label of ETL = "p?N]-(type4 J-[typeSl-ETL") then 
go to exit-routine 
else 

create a scroll-text-list ETL; 

conclude that the label of ETL = -[PN]-(type4l-[type5]-ETL"; 
conclude that ETL is a-list-associated-to-dlg panel; 
transfer ETL to the subworkspace of safe-home-for-Hsts at (50, -245); 
TX2 = the scroll-title of ETL; 

if the array-length of QA1 =0 then ......... 

if the array-length of QA2 = 0 then 
if typeS = symbol ("no-ltag21-selection") and type4 = symbol f no-[taglJ-selection") then 
TX2 = capitalize-words ("no selection has been made") 
else 

if type5 = symbol ("no-[tag2|-selection") then 

TX2 = capitalize-words ("there are no structures defined in this module that contain [type4]") 
else 

if type4 = symbol ("no-ltagl l-selection") then 

TX2 = capitalize-words ("there are no structures defined in this module that contain (typeS]") 
else 

TX2 = capitalize-words ("there are no structures defined in this module that contain {type4] or 

ItypeSD; 

else 

if type4 = symbol C'no-ltagl]-selection") then 

TX2 = capitalize-words ("proteins with structures denned in this module .thatcontain (type5D 
else 
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TX2 = capitalize-words ("proteins with structures defined in this module that contain |type5]. 

Norte was found also containing |type4]'), 
for T2 = each symbol in QA2 do 

insert "[T2]" at the end of the text list ETL; 

else 

if the array-length of QA2 = 0 then 
if typeS = symbol ("r«>-{tag2}-selectiorf ) then 

TX2 = capitalize-words ("proteins with structures defined in this module that contain [type4]") 
else 

TX2 = capitalize-words ("proteins with structures defined in this module that contain [type4]. 
None was found also containing (type5D; 
for Tl = each symbol in QA1 do 
insert "(Tl]" at the end of the text list ETL; 

else 

TX2 = capitalize-words fproteins with structures defined in this module that contain (type4] 
and ltype5D; 

for Tl = each symbol in QA1 do 
for T2 = each symbol in QA2 do 
ifTl = T2then 

insert "[T1}" at the end of the text list ETL; 
return ETL, TX2; 
exit-routine 
TX2 = the scroll-title of ETL; 
return ETL, TX2; 



TABLE 135 

CREATE -GEMERAL-QUERY-OUTPUT-PANEL-PROC (ETL: class scroll-text-list, FT: class free-text, 
dig: class query-panel, win : class window) = (class query-panel) 
if there exists a query-panel panel such that (the text of the id of panel = 
"[the label of ETL]-QUERY-OUTPUT-P ANEL") then 
go to final-routine 
else 

create a query-panel panel by doning MASTER-MOLECULAR-QUERY-OUTPUT-PANEL; 
transfer panel to the subworkspace of UIL-dialog-bin at (0,0); • . ■ 
SW = the subworkspace of panel; 

change the text of the id of panel to "|the label of ETL]-QUERY -OUTPUT-PANEL"; 
transfer FT to SW at (0, 90); 

make panel permanent; - 
sa » call create-scroll-area-from-list ("query-general-scroH", 5, ETL); 
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conclude that the aliow-unselect-on-selected-message of sa is true; 

conclude that the allow-multiple-simultaneoLS-selections of sa is true; 

call add-obj-to-dialog (panel, sa, 0, -30); 

change the text of the uU-message-selection-method of sa to "query-message-selection''; 
change the text of the uil-message-unselection-method of sa to query-message-unselection"; 
change the text of the ordering-method of sa to "alphabetic"; 
de = call create-pushbutton fde", the symbol DELETE-QUERY-PANEL-CALLBAOC, 

"DELETE", panel, 0, -145); 
go to final-routine; 
final-routine : 

change the size of the subworkspace of panel to minimum; 

show the SW of dig with its top right corner 40 units below the top right corner of the screen; 
show the SW of panel on win with its center 300 units to the left of the center of the screen; 
return panel; 



TABLE 136 



QUERY-MESSAGE-SELECTION-PROC (MO: class message-object, SA: class scroll-area, 
win: class window) 
BON = symbol (the text of MO); 
BO = the bio-object named by BON; 
change the size of the subworkspace of BO to minimum; 

show the SW of BO on win with its center 300 units to the right of the center of the screen ; 



QUERY-MESSAGE-UNSELECnON-PROC (MO: class message-object, SA: class scroll-area, 
win: class window) 

BON = symbol (the text of MO); 

hide the SW of the bio-object named by BON on win; 



TABLE 137 



DELETE-QUERY-PANEL-CALLBACK (button: dass button, win : dass window, panel: class dialog) 
SW = the subworkspace of DIALOG-BIN; 

md = call create-message-dialog ("md", the symbol DELETE-MD-CALLBACK, "Processing 

the symbol extra-large, win, 0, 0); 
if there exists a scroll-text-list that is a-list-associated-to-dlg panel then 
for L = each scroll-text-list that is a-list-associated-to-dlg panel do 
delete L; _ 
call delete-dialog (panel); 
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if there exists a message-dialog ME upon SW then 
for md = each message-dialog upon SW do 
delete md; 



TABLE 138 



an user-menu-choice 

Label query-panels 

Applicable dass bioreservoir 

Condition the subworkspace of the item exists 

Action start CREATE -BR-RELATED-SELECTION-PANEL-CALLBACK (the item, this window) 



an user-menu-choice 

show 

query-tracer 
none 

start CREATE-BR-RELATED-SELECnON-PANEL-CALLBACK (the bioreservoir 
superior to the workspace of the item, this window) 

CREATE-BR-RELATED-SELECTION-PANEL-CALLBACK (BR: class bioreservoir, win: dass window) 
if not (there exists a bioreservoir DBR such that (DBR is a-downstream-bioreservoir-of BR or TXR is 

an-upstream-bioreservoir-of BR)) then go to exit-routine 
else 

create a message-dialog md, set the text of the message upon the SW of md to "Processing ..... 

and show the SW of md on the current window; 
panel = call uil-done-grobj (MASTER-BR-MOLECULAR-QUERY-PANEL); 
SW = the subworkspace of panel; 
create a borderless-free-text FT ; 
change the text of FT to "line name of BRI"; 
transfer FT to SW at (60, 115); 
make panel permanent; 

call SET-RADIO-BOX-ID-PROC fbr-panel", TR-RELATETXJUERY-PANEL-radio-box", SW, win); 
if there exists a text-pushbutton de upon SW such that (the id of de = "de") then 

change the text of the callback of de to T3ELETE-QUERY-PANEL-CALLBACK"; 
show the SW of panel on win at (0, 0); 

change the text of the related-item of panel to "(the name of BR]"; 
delete md; 
return; 

exit-routine: — 
create a message-dialog md, set the text of the message upon the SW of md to There is no 
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downstream bioreservoir of [the name of BRJ"* the symbol extra-large); 



return; 



TABLE 139 



SELECT-BR-RELATED-QUERY-PANEL-CALLBACK (button: class button, win : class window, 
dig: class query-panel) 

BRN: symbol = the related-item of dig; 

SW: class kb-workspace - the subworkspace of dig; 

create a message-dialog md, set the text of the message upon the SW of md to "Processing 

and show the SW of md on the current window at (0, 0); 
rb-id = call GET-RADIO-BOX-ID-PROC fbr-panel", SW, win); 
type = call get-radio-box-value (dig, rb-id); 
case (type) of 

function: MP = MASTER-BR-FUNCTION-QUERY-PANEL; 
function-subunits: MP = MASTER-BR-FUNCTION-SUBUNIT-QUERY-PANEL; 
function-domains: MP = MASTER-BR-FUNCTION-IX3MAIN-QUERY-PANEL; 
function-motifs MP = MASTER-BR-FUNCTION-MOTIF-QUERY-PANEL; „ : 
function-groups: MP = MASTER-BR-FUNCTION-GROUP-QUERY-PANEL; 
function-domains-motifs: MP - MASTER-BR-RJNCnpN-DOMAIN-MOTIF-QUERY-PANEL; 
function-location: MP = MASTER-BR-FUNCTION-LOCATION-QUERY-PANEL; 
function-location-subunits: MP - MASTER-BR-nJNCHlON-LOCATION-SUBUNn'-QUERY-PANEL; 
function-location-domains: MP = MASTER-BR FUNCTION-LOCATION-DOMAIN-QUERY-PANEL; 
function-location-motifs: MP = MASTER-BR-FUNCHION-IXXATION-MOTIF-QUERY-PANEL; 
function-location-groups: MP = MASTER-BR-rWCTION-LOCATlON-GROUP-QUERY-PANEL; 
funcrion-location-domains-motifs: MP = MASTER-BR-FUNCTION-LOCATION-DOMAIN-MOTIF- 

QUERY-PANEL; 
panel = call done-grobj (MP); 

change the text of the related-item of panel to "[BRN]"; 

call SET-BR-RELATEIKJUERY-PANEL-PROC (type, panel, win); 

show the subworkspace of dig with its bottom right comer at the bottom right corner of the screen; 
show the subworkspace of pane! at the center of the screen; 
delete md 



TABLE 140 

SET-BR-RELATED-QUERY-PANEL-PROC (type: symbol, panel: class query-panel, win : class window) 
BRN: symbol = the related-item of panel; 
SW: class kb-workspace = the subworkspace of panel; 
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create a borderless-free-text FT and change the text of FT to "fBRNf and transfer FT to SW at (175, 110); 
make panel permanent; 

if there exists a radio-button B upon SW such that (the id of B = 'location") then 

call SET-RADIO-BOX-ID-PROC (location", -0-BR-[type}-QUERY-radio-box", SW, win); 
if there exists a radio-button B upon SW such that (the id of B = "direction") then 

call SET-RADIO-BOX-ID-PROC rdirection", -l-BR-ftypeKlUERV-radio-box", SW, win); 
if there exists a radio-button B upon SW such that (the id of B = "function") then 

call C-SET-RADIO-BOX-ID-PROC fninction" "2-BR-[type]-QUERY-radio-box", SW, win); 
if there exists a radio-button B upon SW such that (the id of B = "subunits") then 

call SET-RADIO-BOX-ID-PROC ("subunits", "3-BR-|typeJ-QUERY-radio-box-, SW, win); 
if there exists a radio-button B upon SW such that (the id of B = "domains") then 

call SET-RADIO-BOX-ID-PROC fdomains", "4-BR-ItypeKJUERY-adio-box", SW, win); 
if there exists a radio-button B upon SW such that (the id of B = "motifs") then 

call SET-RADIO-BOX-ID-PROC ("motifs". "S-BR-ItypeHJUERY-radio-box", SW, win); 
if there exists a radio-button B upon SW such that (the id of B = "groups") then 

call SET-RADIO-BOX-ID-PROC ("groups", "6-BR-(typeJ-QUERY-radio-box", SW, win); 
if there exists a text-pushbutton de upon SW such that (the id of de = "de") then 

change the text of the callback of de to DELETE-QUERY-PANEL-CALLBACK"; 
show panel on win at (0, 0); 
return; 



TABLE 141 

DOWNSTREAM-QUERY-LISTS-CALLBACK (button: class button, win : class window, panel: class 
query-panel) 

BR: class bioreservoir = the bioreservoir named by the related-item of panel; 

create a message-dialog md, set the text of the message upon the SW of md to "Processing " 

and show the SW of md on the current window; 
call DOWNSTREAM-r\JNCTION-QUERY-USTS-PROC (BR, panel, win); 
delete md; 
return 



TABLE 142 



DOWNSTREAM-FUNCnON-QUERY-LISTS-PROC (BR: class bioreservoir, panel: class c-query-panel, 
win : class window) 
BRN: symbol = the name of BR; 

DAPL = call CREATE-BR-QUERY-LIST-PROC ("DAPL", panel, win); 
DAPBRL = call CREATE-BR-QUERY-LIST-PROC ("DAPBRL", panelwin); 
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DEFL = call CREATE-BR-QUERY-LIST-PROC fDEFL", panel, win); 
DEFBRL = call CREATE-BR-QUERY-UST-PROC ("DEFBRL", panel,win); 
DCRL = call CREATE-BR-QUERY-UST-PROC ("DCRL", panel, win); 
DCRBRL = call CREATE-BR-QUERY-LIST-PROC fDCRBRL", panel,win); 
DPKL - call CREATE-BR-QUERY-UST-PROC ("DPKL", panel, win); 
DPKBRL = call C-CREATE-BR-QUERY-UST-PROC ("DPKBRL", panel, win); 
DPPL = call CREATE-BR-QUERY-UST-PROC ("DPPL", panel, win); 
DPPBRL = call CREATE-BR-QUERY-UST-PROC ("DPPBRL", panel,win); 
DTFL = call CREATE-BR-QUERY-UST-PROC ("DTFL", panel, win); 
DTFBRL = call CREATE-BR-QUERY-UST-PROC ("DTFBRL", panel, win); 
DCL » call CREATE-BR-QUERY-UST-PROC ("DGL", panel, win); 
DCBRL = call C-CREATE-BR-QUERY : UST-PROC ("DGBRL", panel, win); 
for DBR - each bioreservoir that is a-d ownstream-b ioreservoi r-of BR do 

if the biopopl upon the subworkspace of DBR exists then insert "Ithe name of DBR]" at the end of the 
text list DAPBRL; 
PO = the biopool upon the subworkspace of DBR; 
if there exists a bioreactant connected to PO then 
for R = each bioreactant connected to PO do 
if R is a extracell-ligand.r orR is a extracell-antagonist-r orR is a ligandx or R is a antagonists then 

insert "(the name of DBR]" at the end of the text list DEFBRL; 
if R is a cell-receptor.r or R is a receptor.r then insert "(the name of DBR]" at the end of the text list 
DCRBRL; 

if R is a protkinase-r then insert "[the name of DBR]* at the end of the text list DPKBRL; 

if R is a prot-phosphataser then insert "[the name of DBR]" at the end of the text list DPPBRL; 

if R is a transcription-factor.r then insert "[the name of DBR]" at the end of the text list DTFBRL; 

if R is a gener then insert "[the name of DBR]" at the end of the text list DGBRL; 

(if R is a mRNA.r then insert "(the name of DBR]" at the end of the text list DMRBRL;} 
call FILL-BR.ET-LIST-PROC (DAPBRL, DAPL, panel, win); 
call FILL-BR.ET-UST-PROC (DEFBRL, DEFL, panel, win); 
call FILL-BR.ET-UST-PROC (DCRBRL, DCRL, panel, win); 
call FILL-BR- ET-LIST-PROC (DPKBRL, DPKL, panel, win); 
call FILL-BR. ET-UST PROC (DPPBRL, DPPL, panel, win); 
call FILL-BR.ET-UST-PROC (DTFBRL, DTFL, panel, win); 
call FILL-BR ET-LIST-PROC (DGBRL, DGL, panel, win); 
return 



TABLE 143 



CREATE-BR-QUERY-UST-PROC (lbl: text, panel: class query-panel, wiru class window) = (class 
scroll-text-list) 
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PN: symbol = the name of panel; 

BRN: symbol = symbol (the related-item of panel); 

if BRN is not none then 

if not (there exists a scroll-text-list L such that (the label of L = "[PNHlbIh[BRND) then 

create a scroll-text-list L; 

conclude that the label of L = "rPNHlblHBRNJ"; 

transfer L to the subworkspace of safe-home-for-lists at (-105, 25); 

conclude that L is a-list-associated-to-dlg panel;} 

return L; 

else 

return L 



TABLE 144 



FILL-BR. ET-LI5T-FROC (BRL: class scroll-text-list, L: class scroll-text-list, panel: class query-panel, win : 
class window) 
move BRL to (135, 10); 
if the number of elements in BRL >= 0 then 
for T °> each text in BRL do 
BRN = symbol (T); 

BR = the bioreservoir named by BRN; „^„. 
if the ref-bioentity of BR has a current value then 

EN = the bioentity named by the ref-bioentity of BR; 

insert "(the name of EN]" at the end of the text list L; 
return 



TABLE 145 



QUERY-BR-RELATED-CALLBACK (button: dass button, win : class window, panel: class query-panel) 
BRN: symbol = symbol (the related-item of panel); 
PN: symbol = the name of panel; 
SW: class kb-workspace = the subworkspace of panel; 

if not (there exists a scroll-text-list L such that (the label of L = "[PNJ-DPKL-fBRNT or the label of 
L = "[PNHJPKL-fBRN]" )) then 
create a message-dialog md, set the text of the message upon the SW of md to "Required information 
is not available. Click on Downstream or Upstream and try to query again" and show the SW of 
md on the current window at (0, 0); 

else 

create a message-dialog md, set the text of the message upon the SW of md to "Processing 
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and show the SW of md on the current window at (0, 0); 
rb-idO = call GET-RADIO-BOX-ID-PROC ("direction", SW, win); 
typeO = call get-radio-box-value (panel, rb-idO); 

if there exists a radio-button B upon SW such that (the id of B = "function") then 
rb-id2 = call GET-RADIO-BOX-ID-PROC ("function", SW, win); 
type2 = call get-radio-box-value (panel, rb-id2); 

FL, FBRL = call GET-BR-FUNCTION-LIST-PROC (typeO, type2, panel, win); 
if FBRL exists then 
create a panel-text FTl; 

TX1 = capitalize-words ("bioReservoirs [typeO] of [BRN] that contain Itvpe2]"); 
change the text of FTl to TX1; 
create a panel-text FT2; 
if FL exists then 

if not (there exists a radio-button B upon SW such that (the id of B = "subunits" or the id of B = 

"domains" or the id of B = "motifs" or the id of B = "groups")) then 
if there exists a scroll-text-list EL such that (the label of EL = "[PNl-[typeOHtype2]-ETL") then 
ETL = EL 

else 

create a c-scroll-text-list ETL; 

condudethatthelar^ofETL = "[PNHtypeOHtype2]-ETL"; . 1 

conclude that ETL is a-list-associated-to-dlg panel; 

transfer ETL to the subworkspace of safe-home-for-lists at (50,-245); 

TX2 =capitalize-words ("[type2) with structures defined in this module that are (typeO] oflBRN]"); 
for Tl = each text in FL do 
insert Tl at the end of the text list ETL; 

else 

ETL, TX2 = call QUERY-BR-STRUCTURE-LISTS-PROC (typeO, type2, FL, panel, win); 
change the text of FT2 to "ITX2]"; 

call CREATE-DOUBLE-QUERY-OUTPUT-PANEL-PROC (FBRL, ETL, FTl, FT2, panel, win); 

delete md; 

return 



TABLE 146 



GET-BR-FUNCnON-UST-PROC (type2: symbol, type! symbol, panel: class query-panel, win : class 
window) = (class scroll-text-list, class scroll-text-list) 

PN: symbol = the name of panel; 

BRN: symbol = the related-item of panel; 

if type2 is downstream then _ 
case(type3)of 
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extracellular-factors: Ibl = "[PN}-DEFL-[BRN]"; lblbr = "TPNKDEFBRL-[BRN]"; 

cell-receptors: lbl = " [PN }-DCRL-( BRN J"; lblbr = " [PN J-DCRBRL- [BRN ] 

protein-kinases: Ibl = "(PNJ-DPKL-|BRNr; lblbr = "[PN]-DPKBRL-[BRN]"; 

protein-phosphatases: lbl = "IPN]-pPPL-[BRNJ"; lblbr = "[PN]-DPPBRL-(BRN]"; 

transcription-factors: lbl = "[PN}-DTFL-{BRN]"; lblbr = "IPNJ-DTFBRL-{BRN]"; 

genes: lbl = "IPN]-DGL-[BRN] M ; lblbr = "[PN]-DGBRL-[BRN]"; 

any-protein: lbl = "IFN]-DAPL-|BRNF; lblbr = TPNJ-DAPBRL-(BRN]"; 

no-function-selection: lbl = "[PNl-DNL-JBRN]"; lblbr = "[PN}-DNBRL-[BRN]"; else 
if type2 is upstream then 
case (type3) of 

extracellular-factors: lbl = " [PN }-UEFL-[BRN ]"; lblbr = "[PN}-UEFBRL-[BRN]"; 

ceU-receptors: lb! = "(PN]-UCRL-IBRN1"; lblbr = "(PNl-UCRBRMBRNT; 

protein-kinases: lbl = -[PN)-UPKL-(BRN]"; lblbr = "[PN]-UPKBRL-[BRN]"; 

protein-phosphatases: Ibl = "iPNl-UPPMBRNI"; lblbr = "[PN]-UFPBRL-[BRN]", 

transcription-factors: lbl = "[PNJ-UTFL-(BRN1"; lblbr - "[PNJ-UTFBRL-[BRN]"; 

genes: lbl = "[PNl-UGL-[BRN]"; lblbr = "[PN1-UGBRL-[BRN1"; 

any-protein: lbl = 7PN]-UAPL-[BRN]"; lblbr = "[PNl-UAPBRL-IBRN]"; 

no-function-setection: lbl = "(PN]-UNL-|BRN]"; lblbr = "[PNJ-UNBRL-[BRN]"; 
if there exists a c-scroU-text-tist FL such that (the label of FL= lbl) then , . 

move FL to (-110,-280); 
if there exists a c-scroll-text-list FBRL such that (the label of FBRL = lblbr) then 

move FL to (-30, -280); 
return FL, FBRL, 
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QUERY-BR-STRUCTURE-USTS-PROC (typeO: symbol, type2: symbol, FL: class scToll-text-iist, 
panel: class query-panel, win: class window) = (class scroll-text-list, text) 

PN: symbol = the name of panel; 

5W: class kb-workspace = the subworkspace of panel; 

if there exists a radio-button B upon SW such that (the id of B = "subunits") then 

type3, PSA = caU FIND-SPEC3FIC-ARRAY-PROC ("subunits", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "subunits-2") then 

type4, PSA-2 = call FDsID-SPEdFIC-ARRAY-PROC f subunits-2", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "domains") then 

typeS, PDA = call FIND-SPECIFIC-ARRAY-PROC ("domains", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "domains-2") then 

type6, PDA-2 = call FIND-SPECIFIC-ARRAY-PROC f domains-2", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "motifs") then 

type7, PMA = call FIND-SPECIFIC-ARRAY-PROC ("motifs", panel, win); 
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if there exists a radio-button B upon SW such that (the id of B = "motifs-2") then 
type8, PMA-2 = call rTND-SPECIFIC-ARRAY-PROC ("motifs-2", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "groups") then 
type9, PGA = call FIND-SPECinC-ARRAY-PROC ("groups", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "groups-2") then 
typelO, PGA-2 = call F1ND-SPECIHC-ARRAY-PROC ("groups-2", panel, win); 
if PSA exists then 
if PSA-2 exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "|PNHtypeO]-ltype2}-ltype31- 

Itype4]-ETL") then 

go to final-routine 
else 

ETL, TX2 = call MERGE-BR-FUNCTION-STRUCTURE-6TRUCTURE-PROC (the symbol subunit, 
the symbol subunit, typeO, type2, type3, type4, FL. PSA, PSA-2, panel, win); 

else 

if there exists a c-scroll-text-list ETL such that (the label of ETL = "lPNHtypeOHtype21-[type3)- 
ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-FUNCTTON-STRUCTURE-PROC (the symbol subunit, typeO, type2, 
type3, FL, PSA, panel, win); 

else 

if PDA exists then 
if PDA-2 exists then 

if there exists a c-scroll-text-list ETL such that (the label of ETL = "[PN]-ItypeOWtype2Htype51- 
[type6]-ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-FUNCTION-STRUCTURE-STRUCTURE-PROC (the symbol domain, 
the symbol domain, typeO, type2, type5, type6, FL, PDA, PDA-2, panel, win) 

else 

if PMA exists then 

if there exists a c-scroll-text-list ETL such that (the label of ETL = B [PNHtype5]-ltype7]-ETL-) then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-FUNOTON-STRUCTURE-STOUCTURE-PROC (the symbol domain, 
the symbol motif, typeO, type2, type5, type7, FL, PDA, PMA, panel, win) 

else 

if PGA exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "[PNl-ltypeOJ-Itype2]-[type5)- 
(type9)-ETL") then 
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go to final-routine 
else 

ETL, TX2 = call MERGE-BR-FLWCTION-STRUCTURE-STRUCTURE-FROC (the symbol domain, 
the symbol group, typeO, typeZ typeS, type9, FL, PDA, PGA, panel, win) 

else 

if there exists a c-scroll-text-list ETL such that (the label of ETL = "[PNHtypeO}-[type2Htype5}- 
ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol domain, typeO, type2, 
typeS, FL, PDA, panel, win); 

else 

if PMA exists then 
if PMA-2 exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = lPNMtypeOHtype2Htype71- 

[type8r-ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-F^JNCTION-STRUCTURE-STRUCTIJRE-PROC (the symbol motif, 
the symbol motif, typeO, type2, type7, type8, FL, PMA, PMA-2, panel, win) 
else •' - ■■ 

if there exists a scroll-text-list ETL such that (the label of ETL = B rr^I-ltypeOHtype2)-|type7)-ETL") 
then 

go to final-routine 
else 

if PGA exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "|PN)-[typeOHtype21-[type71- 

[type9}-ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-Fin^CTION-STRUCTUIffi-STRUCTURE-PROC (the symbol motif, 
the symbol group, typeO, type2, type7, type9, FL, PMA, PGA, panel, win) 

else 

if there exists a scroll-text-list ETL such that (the label of ETL = 1PNHtypeOHtype2}-ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol motif, typeO, type2, 
type7, FL, PMA, panel, win); 

else 

if PC A exists then _ 
ifPGA-2 exists then 
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if there exists a scroll-text-list ETL such that (the label of ETL = "[PN)-[typeOHtype2H'ype9}- 

[typelOl-ETL") then 
go to final-routine 
else 

ETUTX2 = call MERGE-BR-FUNCTION-STRUCTURE-STRUCTURE-PROC (the symbol group, 
the symbol group, typeO, type2, type9, typelO, FL, PGA, PGA-2, panel, win) 

else 

if there exists a scroll-text-list ETL such that (the label of ETL = M rFN)-[typeOHtype2]-[type9]-ETL") 

then 

go to final-routine 
else 

ETL, TX2 = call MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol group, typeO, type2, 
type9, FL, PGA, panel, win); 
return ETL TX2; 
final-routine: 
return ETL, TX2; 



TABLE 148 



MERGE-BR-FUNCnON-STRUCTURE-PROC (tagl: symbol, typeO: symbol, type2: symbol, type3: 
symbol, FL: class scroll-text-list, QA: class query-array, panel: class query-panel, win : class window) = 
(class scroll-text-list, text) 

PN: symbol = the name of panel; 

BRN: symbol = the related-item of panel; 

if there exists a scroll-text-list ETL such that (the label of ETL = ^PN]-[tyrjeOHt)^Htype3]-ETL") 
then 

go to exit-routine 
else 

create a scroll-text-list ETL; 

conclude that the label of ETL = lPN]-ttypeO]-(type2Htype3>ETL"; 
conclude that ETL is a-list-associated-to-dlg panel; 
transfer ETL to the subworkspace of safe-home-for-lists at (50, -245); 
TX2 = the scroll-title of ETL; 
if the number of elements in FL = 0 then 
TX2 = capitalize-words (There are no structures defined in this module of [type2] that are {typeO] 
of (BRNJ") ; 

else 

call BR-FILL-ETL-LIST-PROC (FL, QA, ETL. panel, win); 

if the number of elements in ETL >= 0 then _ 
TX2 = capitalize-words f|type2] that are ItypeOj of {BRN] and contain |type3|"); 

247 



WO 96/22575 PCT/US9&/00883 

else 

if the number of elements in ETL = 0 then 
if type3 = symbol (" no-jtaglj-selection") then 

TX2 = capitalize-words C[type2] with structures defined in this module that are [typeOJ of 
IBRND 

else 

TX2 = capitalize-words f[type2] with structures defined in this module that are (typeO] of 
[BRIM]. None of those contain [type3]"); 
for Tl = each text in FL do 
insert Tl at the end of the text list ETL; 
return ETL, TX2; 
exit-routine: 
TX2 = the scroll-title of ETL; 
return ETL, TX2; 



TABLE 149 



MERGE-BR-FUNCTION-5TRUCTURE-STRUCTURE-PROC (tagl: symbol, tag2: symbol, typeO: symbol, 
type2: symbol, type4: symbol, type5: symbol, FL class scroll-text-list, DQA: class query-array, MQA: class 
query-array, panel: class query-panel, win : class window) = (class scroll-text-list, text) ^" 

PN: symbol = the name of panel; 

BRN: symbol = symbol (the related-item of panel); 

if there exists a scroll-text-list ETL such that (the label of ETL = "(PNHtypeO]-ttype21-[type4Htype5h 
ETL") then 
go to exit-routine 
else 

create a scroll-text-list ETL; 

conclude that the label of ETL = "[PNHtypeO]-Itype2J-[type4l-ttype5]-ETL"; 
conclude that ETL is a-list-associated-to-dlg panel; 
transfer ETL to the subworkspace of safe-home-for-lists at (50, -245); 
TX2 = the scroll-title of ETL; 
if the number of elements in FL = 0 then 
TX2 = capitalize-words (There are no structures defined in this module of [type2] that are [typeO] 
of [BRN]-); 

else 

if the array-length of DQA = 0 then 
if the array-length of MQA = 0 then 
if type5 = symbol ("no-[tag2]-selection") then 
TX2 = capitalize-words ("[type2] with structures defined in this module that are [typeO] of 
(BRN|. None of those contain [type4]") 
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else 

if type4 - symbol fno-(tagl]-selection") then 

TX2 = capitalize-words f[type2] with structures defined in this module that are ftypeO] of 
[BRN]. None of those contain [typeS]") 

else 

if typeS = symbol ("no-{tag2}-5election") and type4 = symbol Cno-ltaglJ-selection") then 
TX2 = capitalize-words CItype2] with structures defined in this module that are [typeOJ 
of [BRN]") 

else 

TX2 = capitalize-words fltype2) with structures defined in this module that are (typeO] 
of [BRN]. None of those contain [type4] or [typeS]"); 
for Tl = each text in FL do 
insert Tl at the end of the text list ETL; 

else 

if type4 = symbol C'no-ltagl]-selection") then 

TX2 = capitalize-words ("[type21 with structures defined in this module that are [typeO] of [BRN] 

and contain [type5]") , ■ . < ,. 

else . • : ■ . . . 

TX2 = capitalize-words f|type2) with structures defined in this module that are [typeO] of [BRN] 

and contain [typeS]. None of those contain [type4]"); 
call BR-FILL-ETL-UST-PROC (FL, MQA, ETL, panel, win); 

else 

if the array-length of MQA = 0 then 
if type5 = symbol ("no-[tag2]-selection") then 

TX2 = capitalize-words C*[type2) with structures defined n this module that are [typeO] of [BRN] 
and contain [type*]") 

else 

TX2 = capitalize-words f [type2] with structures defined in this module that are [typeOJ of [BRN] 

and contain [type4]. None of those contain [typeS]"); 
call BR-FILL-ETL-L1ST-PROC (FL, DQA, ETL, panel, win); . - 

else 

TX2 = capitalize-words ("[type2] with structures defined in this module that are [typeO] of [BRN] and 
contain [type4] and [type5]"); 
call BR-FILL-DOUBLE-ETL-LIST-FROC (FL, DQA, MQA, ETL, panel, win); 

return ETL, TX2; 
exit-routine: 
TX2 = the scrol Hide of ETL; 
return ETL, TX2; 
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BR-FILL-ETL-UST-PROC (FL- class scroll-text-lisl, QA: class query-array, ETL: class scroll-text-list, panel: 
class query-panel, win : class window) 

if the number of elements in FL >= 0 and the array-length of QA >= 0 then 
for T s each text in FL do 
for AE - each symbol in QA do 
if T = "[AEf then insert T at the end of the text list ETL; 
return 



TABLE 151 



BR-FILL-DOUBLE-ETL-LBT-PROC (FL: class scroll-text-list, DQA: class query-array, 
MQA: class query-array, ETL: class scroll-text-list, panel: class query-panel, win : class window) 
for T = each text in FL do 
for DAE = each symbol in DQA do 
if T= "[DAEf then 
for MAE = each symbol in MQA do 
if T = "[MAE]" then 
insert T at the end of the text list ETL; 
return •*" 



TABLE 152 



CREATE-DOl^LE<JUERY-OUTFUT-PANEL-PROC (BRL class scroll-text-list, ETLxlass scroll-text-list, 
FT1: class free-text, FTi class free-text, dig: class query-panel, win : class window) 
d-id: text= the id of dig; 

create a query-panel panel by cloning MASTER-MOLECULAR-QUERY-OUTPUT- PANEL; 

transfer panel to the subworkspace of dialog-bin at (Oft); 

SW = the subworkspace of panel; 

uid = call unique-id (d-id); 

change the text of the id of panel to uid; 

transfer FTl to SW at (0, 110); 

transfer FT2 to SW at (0, -180); 

make panel permanent; 

sal = call create-scToU-area-from-list f query-BR-scroll", 6, BRL); 

call C-COMPLETE-BR-PANEL-PROC (sal, panel, win); 

sa2 = call create-scroll-area-fram-list f query-BR-scroll", 6, ETL); 

call C-COMFLETE-BE-PANEL-PROC (sa2, panel, win); _ 
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change the size of the subworkspace of panel to minimum; 

show the subworkspace of dig with its top right corner 40 units below the top right corner of the screen; 
show the subworkspace of panel on win with its center 300 units to the left of the center of the screen; 
return; 



COMPLETE-BE-PANEL-PROC (sa: class scroll-area, panel: class query-panel, win : class window) 
de: class uil-button; 

conclude that the allow-unselect-on-selected-message of sa is true; 
conclude that the allow-muJtiple-simultaneous-selections of sa is true; 
call add-grobj-to-dial°g(pa n el' sa- 0, -320); 
call scroll-area-refiect (sa); 

call set-attribute(SA, the symbol message-selection-method, the symbol query-message-selection); 
call set-attribute(SA, the symbol message-unselect ion-method, the symbol query-message-unselection); 
de = call create-pushbutton ("de", the symbol text, the symbol DBLETE-QUERY-PANEL-CALLBACK, 

the symbol medium, "DELETE"); 
call add-grobj-to-dialog(panel, de, 0, -440); 
return; 

COMPLETE-BR-PANEL-PROC (sa: class scroll-area, panel: class query-panel, win : class window) 
conclude that the allow-unselect -on-selected-message of sa is true; 
conclude that the allow-multiple-simultaneous-selections of sa is true; 

call uiI-add-grobj-to-dialog(panel, sa, 0, -30); - - -■■ 

call uil-scioll-area-reflect (sa); 

call uil-set-attribute(SA, the symbol message-selection-method, the symbol query-message-selection); 
call uil-set-attribute(SA, the symbol message-unselection-method, the symbol 

query-message-unselection); 
change the text of the ordering-method of sa to "alphabetic"; 
return; 



TABLE 153 



DOWNSTREAM-FUNCTION-LOCATION-CALLBACK (button: class button,win; class window, 
panel: class query-panel) 
BR = the bioreservoir named by the related-item of panel; 

create a message-dialog md, set the text of the message upon the SW of md to "Processing — 

and show the SW of md on the current window; 
call IX)WNSTREAM-FUNCTION-QUERY-LlSTS-PROC (BR, panel, win); 
call IX)WNSTREAM-LOCAT10N-QUERY-LlSTS-PROC (BR, panel, win); 
delete md; 
return; 

251 



WO 96/22575 



PCT/US96/00883 



TABLE 154 



IXDVVNSTREAM-LOCATION-QUERY-LISTS-PROC (BR: class bioraservoir, panel: class query-panel, 
win : class window) 
BRN = the name of BR; 

DACL = call CREATE-BR-QUERY-UST-PROC ("DACL", panel, win); 
DACBRL = call CREATE-BR-QLTERY-U5T-PROC ("DACBRL", panel, win); 
DECL = call CREATE-BR-QUERY-LBT-PROC ("DECL", panel, win); 
DECBRL = call CREATE-BR-QUERY-LBT-PROC ("DECBRL", panel,win); 
DCML = call CREATE-BR-QUERY-LBT-PROC ("DCML", panel win); 
DCMBRL = call CREATE-BR-QUERY-LBT-PROC ("DCMBRL", panel.win); 
DCYL = call CREATE-BR-QUERY-LBT-PROC ("DCYL", panel, win); 
DCYBRL = call CREATE-BR-QUERY-LBT-PROC ("DCYBRL", panel,win); 
DNUL = call CREATE-BR-QUERY-LBT-PROC ("DNUL", panel, win); 
DNUBRL = call CREATE-BR-QUERY-LBT-PROC ("DNUBRL", panel, win); 
DERL = call CREATE-BR-QUERY-LBT-PROC ("DERL", panel, win); 
DERBRL = call CREATE-BR-QUERY-LBT-PROC fDERBRL", panel.win); 
DGOL = call CREATE-BR-QUERY-LBT-PROC ("DGOL", panel, win); 
DGOBRL = call CREATE-BR-QUERY-LBT-PROC (DGOBRL", panel,win); 
DENL = call CREATE-BR-QUERY-LBT-PROC (DENL", panel, win); 
DENBRL = call CREATE-BR-QUERY-LBT-PROC ("DENBRL", panel.win); 
for DBR = each bioreservoir that is a-downstream-bioreservoir-of BR do 
insert "(the name of DBR]" at the end of the text list DACBRL; 

if DBR is a ext-sol-mol-reservoir then insert "[the name of DBR]" at the end of the text list DECBRL 
else 

CL = call C-FIND-COMPARTMENT-PROC (DBR, panel, win); 

if CL = the symbol cell-membrane then insert "(the name of DBR]" at the end of the text list 
DCMBRL else 

if CL = the symbol cytosol then insert "(the name of DBR]" at the end of the text list DCYBRL else 
if CL = the symbol nucleus then insert "(the name of DBR]" at the end of the text list DNUBRL else 
if CL = the symbol e-reticulum then insert "(the name of DBR J" at the end of the text list DERBRL 
else 

if CL = the symbol golgi then insert "(the name of DBR]" at the end of the text list DGOBRL else 
if CL = the symbol endosomes then insert "(the name of DBR]" at the end of the text list DENBRL; 

call FILL-BR.ET-LBT-PROC (DACBRL, DACL, panel, win); 

call FILL-BRET-UST-PROC (DECBRL, DECL, panel, win); 

call FILL-BRET-LIST -PROC (DCMBRL. DCML, panel, win); 

call FILL-BR. ET-LIST-PROC (DCYBRL, DCYL, panel, win); 

call FILL-BR.ET-LBT-PROC (DNUBRL, DNUL, panel, win); ~ 

252. 



WO 96/22575 PCT7US96/00883 
call FILL-BR.ET-LI5T-PROC (DERBRL, DERL, panel, win); 

call HI.L-BR.ET-UST-PROC (DGOBRL, DGOL, panel, win); 

call FILL-BR.ET-UST-PROC (DENBRL, DENL, panel, win); 

return; 



TABLE 155 



FIND-COMPARTMENT-PROC (BR: class bioreservoir, panel: class query-panel, win : class window) = 
(symbol ) 

RH = the bioreservoir-bin superior to the workspace of BR; 
BM1 = the biomodel superior to the workspace of RH; 
if BM1 is a cell-compartment then CD = BM1 else 
BM2 = the biomodel superior to the workspace of BM1; 
if BM2 is a cell-compartment then CO = BM2 else 
BM3 = the biomodel superior to the workspace of BM2; 
if BM3 is a cell-compartment then CO = BM3 else 
BM4 = the biomodel superior to the workspace of BM3; 
if BM4 is a cell-compartment then CO - BM4 else 
BM5 = the biomodel superior to the workspace of BM4; 
if BM5 is a cell-compartment then CO = BM5; • • 
CL = the class of CO; 
return CL; 



TABLE 156 



QUERY-BR-RELATED-LOCATION-CALLBACK (button: class button, win : class window, panel class 
query-panel) 

BRN: symbol = symbol (the related-item of panel); 

PN: symbol = the name of panel; 

SW: class workspace - the subworkspace of panel; 

if not (there exists a scroll-text-list L such that (the label of L = "JPN}-DPKL-(BRNj" or the label of L = 

"[PNJ-UPKL-IBRN]* )) then 
create a message-dialog md,set the text of the message upon the SW of md to "Required information is 
not available. Click on Downstream or Upstream and try to query again" and show the SW of md 
on the current window 

else 

create a message-dialog md, set the text of the message upon the SW of md to "Processing — 
and show the SW of md on the current window; 
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create a panel-text FT1; 
create a panel-text FTC; 

if not (there exists a radio-button B upon SW such that (the id of B = "sublimits" or the id of B = 

"domains" or the id of B = "motifs" or the id of B = "groups")) then 
BRL, ETL, TX1, TX2 = call MERGE-LOCATION-FUNCTION-ONrLY-PROC (panel, win) 
else 

typeO, typel, type2, LL, FL, BRLTX1 = call MERGE-LOCATION-FUNCTION-FROC (panel, win); 
if there exists a radio-button Bl upon SW such that (the id of Bl = "location") and there exists a radio- 
button B2 upon SW such that the id of B2 = "function") then 
PETL = call MERGE-LL-FL-PROC (typel, type2, LL, FL, panel/win); 

ETL, TX2 = call QUERY-BR-LOCATION-FUNCTION-STRUCTURE-UST5-PROC (typeO, typel, 
type2, PETL, panel, win) 

else 

if there exists a radio-button B upon SW such that (the id of B = "location") then 
ETL, TX2 = call QUERY-BR-LCCAT10N-STRUCTURE-L1STS-PROC (typeO, typel, LL, panel, win) 

else 

if there exists a radio-button B upon SW such that (the id of B = "function") then 
ETL, TX2 = call QUERY-BR-FUNCTION-STRUCTURE-LI5T5-FRC)C (typeO, type2, FL, panel, win); 

change the text of FT1 to "[TXl]"; 
change the text of FT2 to "[1X2]"; 

call C3lEATE-DOUBLE-QirERY-OUTPUT-PANEL-FROC (BRL, ETL, FT1, FT2, panel, win);- 

delete md; 
return; 



TABLE 157 



MERGE-LOCATION-FUNCTION-ONLY-PROC (panel: class query-panel, win : class window.) = 

(class scroll-text-list, class scroll-text-list, text, text) 

BRN: symbol = symbol (the related-item of panel); 

FN: symbol = the name of panel; 

SW: <-la« kb-workspace = the subworkspace of panel; 

if there exists a c-scroll-text-list ETL such that (the label of ETL = "[PN|-ETL-[BRN]") then 
for ETL = each scroll-text-list do 
if the label of ETL = "(PN}-ETL-[BRNr then delete ETL; 
create a scroU-text-list ETL; 
conclude that the label of ETL = "[PN}-ETL-[BRN]"; 
conclude that ETL is a-list-associated-to-dlg panel; 
transfer ETL to the subworkspace of safe-home-for-lists at (50, -245); 
rb-idO = call GET-RADIO-BOX-1D-PROC ("direction", SW, win); 
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tvpeO = call uil-get-radio-box-value (panel, rb-idO); 

rb-idl = call GET-RADIO-BOX-ID-PROC flocatiop", SW, win); 
typel = call uil-get-radio-box-value (panel, rb-idl); 

LL, LBRL = call CET-BR-LOCATION-LIST-PROC (typeO, typel, panel, win); 
rb-id2 = call GET-RADIOBOX-ID-PROC ("function", SW, win); 
type2 «• call uil-get-radio-box-value (panel, rb-id2); 

FL, FBRL = caU GET-BR-FUNCTION-LIST-PROC (typeO, type2, panel, win); 
if there exists a scroll-text-Jist BRL such that (the label of BRL = "rjPNJ-BRL-(BRN]") then 
for BRL = each c-scroH-text-list do 
if the label of BRL - "[PNJ-BRL-IBRN]" then delete BRL; 
create a scroll-text-list BRL; 
conclude that the label of BRL = "IPN1-BRL-[BRN]"; 
conclude that BRL is a-list-assoriated-to-dlg panel- 
transfer BRL to the subworkspace of safe-home-for-lists at (135, -235); 

TX1 = call MERGE-BRL-FUNCTION-LOCATION-PROC (typeO, typel, type2, LBRL, FBRL, BRL panel, 
win); 

TX2 = call MERGE-ETL-FUNCTION-LOC ATION-ON LY-PROC (typeO, typel, type2, LL, FL, ETL panel, 
win); 

return BRL, ETL, TX1, TX2; 



TABLE 158 



MERGE-LL-FL-PROC (LL: class c-scroll-text-Ust, FL class scroll-text-list, panel: class query-panel, win : 
class window) = (class scroll-text-list) 

PN: symbol = the name of panel; 

BRN: symbol = symbol (the related-item of panel); 

if there exists a c-scrotl-text-list PETL such that (the label of PETL = "IPNl-PETL-fBRN]") then 

for PETL = each c-scroll-text-list do 

if the label of PETL = "[PN)-PETL-[BRN]" then delete PETL; 
create a c-scroll-text-list PETL 
conclude that the label of PETL = "IPN]-PETL-{BRN]"; 
{conclude that PETL is a-list-associated-to-dlg panel;) 
transfer PETL to the subworkspace of safe-home-for-lists at (50, -245); 
for TF = each text in FL do 

for TL = each text in LL do 

if TF = TL then insert TF at the end of the text list PETL; 
return PETL; 
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CET-BR-LOCATION-LIST-PROC (typeO: symbol, typel: symbol, panel: dass query-panel, win : dass 
window) = (dass scroll-text-list, class scroU-text-list) 

PN - the name of panel; 

BRN = the related-item of panel; 

if typeO is downstream then 
case (typel) of 

extracellular Ibl = "IPN]-DECL-{BRN]"; Iblbr = "[PN)-DECBRL-(BRN]"; 
cell-membrane lbl = "[PN]-DCML-IBRN]"; Iblbr = "IPNJ-DCMBRL-fBRN]"; 
cytosol: Ibl = "IPN}-DCYL-[BRN3"; Iblbr = TPN}-DCYBRL-[BRN]"; 
nudeus:lbl = "[PNl-DNUL-(BRNl"; Iblbr = -fPNM3NUBRL-[BRNr; 
e-reticulum: Ibl = "[PN]-DERL-[BRN]", Iblbr = "[PN]-DERBRL-{BRN]"; 
golgu Ibl = "[PN]-DGOL-[BRNT; Iblbr = "tPN}-DGOBRL-tBRN]"; 
endosomes: Ibl - "[PN]-DENL-[BRN]"; Iblbr = "(PN]-DENBRL-[BRN]"; 
no-location-selection: lbl = "[PN)-DNL-{BRN]"; Iblbr = -fPNl-DNBRL-rBRNl"; 
else 

if typeO is upstream then 
case (typel) of 

extracellular: lbl = "[PNJ-UECL-IBRN]"; Iblbr = "[PN}-UECBRL-{BRN1"; 

cell-membrane: lbl = "rPNl-UCML-IBRNJ"; Iblbr = "[PNJ-UCMBRL-1BRN]"; 

cytosol: lbl = -IPN]-UCYL-[BRN]-; Iblbr = "[PN]-UCYBRL-[BRN1"; 

nudeus: lbl = "IPN)-UNUL-IBRN]"; Iblbr = "[PNr-UNUBRL-{BRN]"; 

e-reticulum: lbl = "[PN}-UERL-[BRN]"; Iblbr = "[PN]-UERBRL-IBRN]"; ■ 

golgi: lbl - "rPNJ-UGOL-lBRNl"; Iblbr = -(PNJ-UGOBRL-[BRN]" ; 

endosomes: lbl = "[PN)-UENL-(BRN]"; Iblbr = "[PN]-UENBRL-[BRN]"; 

no-location-selection: lbl = "IPN]-UNL-[BRN1"; Iblbr = "[PN)-UNBRL-{BRN]"; 
if there exists a scroll-text-list LL such that (the label of LL = lbl) then move LL to (-110, -280); 
if there exists a scroll-text-list LBRL such that (the label of LBRL = Iblbr) then move LBRL to (-30, 30); 
return LL, LBRL; 



TABLE 160 



MERGE-BRL-FUNCnON-LOCATION-PROC (typeO: symbol, typel: symbol, type* symbol, LBRL class 
scroll-text-list, FBRL: class scroll-text-list, ETL: dass scroll-text-list, panel: class query-panel, win : dass 
window) = (text) 
BRN: symbol = symbol (the related-item of panel); 

if the number of elements in FBRL = 0 and the number of elements in LBRL = 0 
then 

if type2 = the symbol no-function-selection then 
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TX2 = capitalize-words f there are no bioReservoirs [typeO] of [BRNJ and located in the Itypel]") 
else 

if typel - the symbol no-location-selection then 

TX2 = capitalize-words (There are no bioReservoirsof [type2] [typeO] of [BRNJand located in the 
[typel]") 

else 

if the number of elements in FBRL = 0 and the number of elements in LBRL >= 0 
then 

if type2 = the symbol no-function-selection then 

TX2 - capitalize-words fbioReservoirs ItypeO] of[BRNJand located in the {typel)") 
else 

TX2 = capitalize-words fbioReservoirs [typeO] of [BRN] and located in the (typel]. None are 

[type2D; 
for TL = each text in LBRL do 
insert TL at the end of the text list ETL; 
else 

if the number of elements in FBRL >= 0 and the number of elements in LBRL = 0 
then 

if typel = the symbol no-location-selection then 

TX2 = capitalizewordsnjioReservojrsof|type2ntypeO)of[BRNn ' 
else 

TX2 = capitalize-words fbioReservoirs of [type2] [typeO] of [BRN]. None of those are located in 
the [typel]"); 
for TF = each text in FBRL do 
insert TF at the end of the text list ETL; 
else 

if the number of elements in FBRL >= 0 and the number of elements in LBRL >= 0 then 
TX2 = capitalize-words fbioReservoirs of [type2] [typeO] of [BRNJand located in the (typelD; 
for TF = each text in FBRL do 
for TL = each text in LBRL do 
if TF = TL then 

insert TF at the end of the text list ETL; 
return TX2; 



TABLE 161 



MERGE-ETL-FUNCnON-LOCATlON-ONLY-PROC (typeO: symbol, typel: symbol type2: symbol, 
class c-scroll-text-Hst, FL class c-saoll-text-list, ETL class saoll-text-list, panel: class query-panel, w; 
class window) = (text) 
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BRN: symbol = symbol (the related-item of panel); 

if the number of elements in FL = 0 and the nun.ber of elements in LL = 0 
then 

if type2 - the symbol no-function-selection then 

TX2 = capita lize-words f there are no entities with structures defined in this module that 
are ftypeO) of [BRNJand located in the |typell") 

else 

if typel = the symbol no-location-selection then 

TX2 = capitalize-words fThere are no |type2] with structures defined in this module of 

that are [typeO] of (BRNT) 
end else 

if the number of elements in FL = 0 and the number of elements in LL >=0 
then 

if type2 = the symbol no-function-selection then 

TX2 = capitalize-words fEntities with structures defined in this module that are (typeOJ of [BRN] 
and located in the (typel)") 

else 

TX2 = capitalize-words ("Entities with structures defined in this module that are {typeO] of [BRN] 
and located in the [typel]. None are [type2]"); 
for TL = each text in LL do 

insert TL at the end of the text list ETL; ; Vl . 

else rr;- 
if the number of elements in FL>=0 and the number of elements in LL=0 then 
if typel = the symbol no-location-selection then 

TX2 = capitalize-words f[type2] with structures defined in this module that are [typeO] ]BRN]") 
else 

TX2 = capitalize-words f[type2] with structures defined in this module that are [typeO] of [BRN]. 

None of those are located in the [typel]"); 
for TF = each text in FL do 

insert TF at the end of the text list ETL; 
else 

if the number of elements in FL>= 0 and the number of elements in LL>= 0 then 

TX2 = capitalize-words ("[type 2 ! with structures defined in this module that are [typeO] of [BRN] 

and located in the [typel D; 
for TF = each text in FL do 
for TL = each text in LL do 
if TF = TL then 

insert TF at the end of the text list ETL; 
return TX2; 
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MERGE-LOCAnON-FUNCTlON-PROC, (panel: dass query-panel, win : class window) = (symbol, 
symbol, symbol, class scroll-text-list, dass scroll-text-list, dass scroll-text-list, text) 

BRN: symbol = symbol (the related-item of panel); 

PN: symbol = the name of panel; 

SW: class kb-workspace = the subworlcspace of panel; 

rb-idO = call GET-RADIO-BOX-ID-PROC ("direction", SW, win); 

typeO = call uil-get-radio-box-value (panel, rb-idO); 

rb-idl = call GET-RADIO-BOX-ID-PROC ("location", SW, win); 

typel = call uil-get-radio-box-value (panel, rb-idl); 

LL, LBRL = call GET-BR-LOCATION-UST-PROC (typeO, typel, panel, win); 
rb-id2 = call GET-RADIO-BOX-ID-PROC ("function", SW, win); 
type2 = call uil-get-radio-box-value (panel, rb-id2); 
FL, FBRL = call GET-BR-FUNCTION-UST-PROC (typeO, type2, panel, win); 
if there exists a scroll-text-list BRL such that (the label of BRL = "[PN|-BRL-[BRND then 
for BRL = each scroH-text-list do 
if the label of BRL = "(PNJ-BRL-[BRNJ" then delete BRL; 
create a scroll-text-list BRL; 

conclude that the label of BRL = "[PN]-BRL-[BRN]"; 

conclude that BRL is a-list-associated-to-dlg panel; 

transfer BRL to the subworkspace of safe-home-for-lists at (135, -235); 

TX1 = call C-MERGE-BRL-FUNCnON-LOCATION-PROC (typeO, typel, type2, LBRL, FBRL; BRL, 

panel, win); 
return typeO, typel, type2, LL, FL, BRL, TX1; 



TABLE 163 



QUERY-BR-LOCATION-STRUCTURE-LISTS-PROC (typeO: symbol, typel: symbol, PETL class scroll- 
text-list, panel: class query-panel, win : class window) = (dass scroll-text-list, text) 

PN: symbol = the name of panel; 

SW: class kb-workspace = the subworkspace of panel; 

if there exists a radio-button B upon SW such that (the id of B = "subunits") then 

type3, PSA = call FIND-SPECIFIC-ARRAY-PROC ("subunits", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "subunits-2") then 

type4, PSA-2 = call FIND-SPECIFIC- ARRAY-FROC ("subunits-2", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "domains") then 

type5, PDA « call FIND-SPECIFIC-ARRAY-PROC f domains", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "domains-2") then _ 

type6, PDA-2 = call FIND-SPECIFIC-ARRAY-PROC ("domains-2", panel, win); 
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if there exists a radio-button B upon SW such that (the id of B = "mohts") then 

type7, PMA = call FTMD-SPECIFIC-ARRAY-PROC ("motifs", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "motifs-2") then 

typeS, PMA-2 = call FIND-SPECIFIC-ARRAY-PROC ("motifs-2", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = 1-= "groups") then 

type9, PGA = caU FIND-SPECIFIC-ARRAY-PROC ("groups", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "groups-2") then 

typelO, PGA-2 = call FEND-SPEOF1C-ARRAY-PROC fgroups-2", panel, win); 
if PSA exists then 
if PSA-2 exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "[PNHtypeO}-[typel]-[type3]- 

|type4J-ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-LOCATION-STKUCTURE-STRUCTURE-PROC (the symbol subunit, 
the symbol subunit, typeO, typel, type3, type4, PETL, PSA, PSA-2, panel, win); 

else 

ETL, TX2 = call MERGE-BR-LOCATION-STRUCTURE-PROC (the symbol subunit, typeO, typel, 
type3, PETL, PSA, panel, win); 

else 

if PDA exists then 
if PDA-2 exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "[PNHtypeOHtypelHtype51- 

[type6]-ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-LOCATION-STRUCTURE-STRUCTURE-PROC (the symbol domain, 
the symbol domain, typeO, typel, type5, type6, PETL, PDA, PDA-2, panel, win) 

else 

if PMA exists then 

if there exists a scroll-text-list ETL such that (the label of ETL - "[PNHtypeOHtypelHrypeS}- 
(type71-ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-LOCATION-STRUCTURE-STRUCTURE-PROC (the symbol domain, 
the symbol motif, typeO, typel, type5, type7, PETL, PDA, PMA, panel, win) 

else 

if PGA exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "[PNHtypeOHtypelHtypeS]- 

(type9r-ETL") then 
go to final-routine 
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else 

ETL, TX2 = call MERGE-BR-IXJCATION-STRUCTURE-STRUCTURE-PRCX: (the symbol domain, 
the symbol group, typeO, typel, type5, type9, PETL, PDA, PGA, panel, win) 
end else 

ETL TX2 = call MERGE-BR-LOCATION-STRUCTURE-PROC (the symbol domain, typeO, typel, 
type5, PETL, PDA, panel, win); 

else 

if PMA exists then 
if PMA-2 exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "[PNHtypeOH typel ]-[type7}- 

[type8J-ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-LOCATION-STRUCTURE-STRUCTURE-PROC (the symbol motif, 
the symbol motif, typeO, typel, type7, type8, PETL, PMA, PMA-2, panel, win) 

else 

if PGA exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "(PNHtypeO]-typelHtype7h 

(type9}-ETL") then 
go to final-routine 
else 

ETL,TX2 = call MERGE-BR-LCKIATION-STRUCTUR^-STRUCTURE-PROC (the symbol motif, 
the symbol group, typeO, typel, type7, type9, PETL, PMA, PGA, panel, win) 

else 

ETL. TX2 = Call MERGE-BR-LOCATION-STRUCTURE-PROC (the symbol motif, typeO, typel, 
type7, PETL, PMA, panel, win); 

else 

if PGA exists then 
if PGA-2 exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = •(PNHtypeOWtypelHtype91- 

[typelOl-ETLT then 
go to final-routine 
else 

ETL, TX2 •= call MERGE-BR-LOCATION-STRUCTURE-STRUCTURE-PROC (the symbol group, 
the symbol group, typeO, typel, type9, typelO, PETL, PGA, PGA-2, panel, win) 

else 

ETL, TX2 =Call MERGE-BR-LOCATION-STRUCTURE-PROC (the symbol group, typeO, typel, 
type9, PETL, PGA, panel, win); 
return ETL, TX2; 
final-routine 
return ETL, TX2; 
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TABLE 164 



MERGE-BR-LOCATION-STRUCTURE-PROC (tagl: symbol, typeO: symbol, typel: symbol, type3: 
symbol, PETL: class scroll-text-list QA: class query-array, panel: class query-panel, win : class window) = 
(class scroll-text-list, text) 

PN: symbol = the name of panel; 

BRN: symbol = the related-item of panel; 

if there exists a c-scroll-text-list ETL such that (the label of ETL = "IPNHtypeO]-[typel]-ftype3]-ETL") 
then 

go to exit-routine 
else 

create a c-scroll-text-list ETL; 

conclude that the label of ETL = "|PN]-[typeO]-ltypelHtype3J-ETL"; 
{conclude that ETL is a-tist-assoctated-to-dlg panel;! 
transfer ETL to the subworkspace of safe-home-for-lists at (50, -245); 
{TX2 = the scroll-title of ET14 

if the number of elements in PETL = 0 then TX2 = capitalize-words (There are no structures defined 
in this module that are [typeO] of [BRN] and located in the [typel ]") ; 

else 

if the array-length of QA = 0 then 
if type3 = syinbol fno-ltagll-selection") then 

TX2 = capitalize-words ("Entities with structures defined in this module that are [typeO] of [BRN] 
and located in the [typel]") 

else 

TX2 = capitalize-words ("Entities with structures defined in this module that are [typeO] of [BRN] 

and contaned in the [typel] . None of those contain (type3r); 
for Tl = each text in PETL do 
insert Tl at the end of the text list ETL; 
else 

TX2 = capitalize-words ("Entities that are [typeO] of [BRN] and located in the Itypel] that contain 

ltype3]"); 
for Tl = each text in PETL do 
for S2 = each symbol in QA do 
if Tl = "[S2f then insert Tl at the end of the text list ETL; 
return ETL, TX2; 
exit-routine: 
TX2 « the scroll-title of ETL; 
return ETL, TX2; 
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MERGE-BR-LOCAT10N-STRUCTUR£-STRUCTURE-PRC)C (tagl: symbol, tag2: symbol, typeft symbol, 
typel: symbol, type4: symbol, type5: symbol, PETL class scroU-text-list, QA1: class query-array, QA2: 
class query-array, panel: class query-panel, win : class window) - (class scroll-text-iist, text) 

BRN: symbol - symbol (the related-item of panel); 

PN: symbol = the name of panel; 

if there exists a c-scroll-text-list ETL such that (the label of ETL = lPNHtypeO]-[typel}-{type4Htype5]- 

ETL")then 
go to exit-routine 
else 

create a c-scroll-text-list ETL; 

conclude that the label of ETL = "[PNHtypeOMtypel J-(type4Htype5J-ETL"; 
conclude that ETL is a-list-associated-to-dlg panel; 
transfer ETL to the subworkspace of safe-home-for-lists at (50, -245); 
TX2 = the scroll-title of ETL; 
if the array-length of QA1 = 0 then 
if the array-length of QA2 = 0 then 
if type5 - symbol ("no-[tag2]-selection") and type4 = symbol fno-|tagl]-selection") then 
TX2 = capitalize-words ("Entities with structures defined in this module that are [typeO] of 
fp: ..vij and located in the [typel]") 

else 

if type5 = symbol ("no-[tag2J-selection") then 

TX2 = capitalize-words ("Entities with structures defined in this module that are [typeO] of 
[BRN] and located in the [typel]. None contain [type4]") 

else 

if type4 = symbol ("no-[taglJ-selection") then 

TX2 = capitalize-words ("Entities with structures defined in this module that are [typeO] of 
[BRN] and located in the [typel] contain [type5]") 

else 

TX2 1= capitalize-words ("Entities with structures defined in this module that are ItypeOJ of 
[BRN] and located in the [typel]"); 
for T = each text in PETL do 
insert T at the end of the text list ETL; 
else if the array-length of QA2 >= 0 then 
if type4 = symbol fno-[tagl]-selection") then 

TX2 = capitalize-words ("Entities with structures defined in this module that are [typeO] of 
[BRN] and located in the [typel] that contain [type5]") 

else 

TX2 = capitalize-words ("Entities with structures defined in this module that are [typeOJof [BRN] 
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and located in the (typel] that contain |type5]. None was found also containing [type4D; 
for T = each text in PETL do 
for 52 = each symbol in QA2 do 
if T = "IS2]" then 

insert T at the end of the text list ETL; 
else if the array-length of QA1 >= 0 then 
if the array-length of QA2 = 0 then 
if type5 = symbol rno-|tag2)-selection") then 

TX2 = capitalize-words ("Entities with structures defined in this module that are [typeO] of 
IBRN] and located in the [typel) that contain ltype4D 

else 

TX2 = capitalize-words ("Entities with structures denned in this module that are [typeO] oflBRN] 

and located in the [typel] that contain [typel J. None was found also containing [typeSD; 
for T = each text in PETL do 
for Si = each symbol in QA1 do 
if T = "ISl]" then insert T at the end of the text list ETL; 
else if the array-length of QA2 >= 0 then 
TX2 = capitalize-words ("Entities with structures defined in this module that are [typeO] of 

[BRN] and located in the (typel] that contain [type4] and [typeS]"); : ' • 

for T = each text in PETL do 
for SI = each symbol in QA1 do 
if T = "[SI]" then 
for S2 = each symbol in QA2 do 
if T = "[S2]" then insert T at the end of the text list ETL; 
return ETL, TX2; 
exit-routine: 
TX2 = the scroll-title of ETL; 
return ETL, TX2; 



TABLE 166 



QUERY-BR-FUNCriON-STRUCTURE-LISTS-PROC (typeO: symbol, type2: symbol, PETU class scroll- 
text-list, panel: dass query-panel, win : class window) = (class scroll-text-list, text) 

PN: symbol = the name of panel; 

SW: class kb-workspace = the subworkspace of panel; 

if there exists a radio-button B upon SW such that (the id of B = "subunits") then 

type3, PSA = call FIND-SPECTPIC-ARRAY-PROC ("subunits", panel/win); 
if there exists a radio-button B upon SW such that (the id of B = "subunits-2") then 

type4, PSA-2 = call FTND-SPECtFIC-ARRAY-PROC ("subunits-2", panel, win); 
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if there exists a radio-button B upon SW such tha» (the id of B = "domains") then 

type5, PDA = call FIND-SPEC1FIC-ARRAY-PROC ("domains", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "domains-2") then 

type6, PDA-2 » call FIND-SPEOFIC-ARRA Y-PROC fdomains-2", panel, win); 
if there exists a radio-button B upon SW such that (the id of B ■■ "motifs") then 

type7, PMA • call FLMD-SPEOFIC-ARRAY-PFOC ("motifs", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "motifs-2") then 

type8, PMA-2 = call FIND-SPECTFIC-ARRAY-PROC ("motifs-2", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "groups") then 

type9, PGA = call nND-SPEOFlC-ARRA Y-PROC ("groups", panel, win); 
if there exists a radio-button B upon SW such that (the id of B = "groups-2") then 

typelO, PGA-2 = call FIND-SPECIFIC-ARRA Y-PROC ("groups-2", panel, win); 
if PSA exists then 
if PSA-2 exists then 

if there exists a c-scroll-text-list ETL such that (the label of ETL = "[PN]-[type3}-[type4}-ETL") then 
go to final-routine 
else 

ETL, TX2 = call C-MERGE-BR-FUNCTION-STRUCTURE-STOUCTURE-PROC (the symbol . 
subunit, the symbol subunit, typeO, type2, type3, type4, PETL, PSA, PSA-2, ETL, panel, win); 

else 

ETL, TX2 = call C-MERGE-BR-FUNCTION-STRIJCTURE-PROC (the symbol subunit, typeO, type2, 
type3, PETL, PSA, ETL, panel, win); 

else 

if PDA exists then 
if PDA-2 exists then 

if mere exists a c-scroll-text-Hst ETL such that (the label of ETL = "[PN]-[type51-[type6]-ETL") then 
go to final-routine 
else 

ETL, TX2 = call C-MERGE-BR-FUNCnON-STRUCTURE-STRUCTURE-PROC (the symbol 

domain, the symbol domain, typeO, type2, type5. type6, PETL, PDA, PDA-2, ETL, panel, win) 

else 

if PMA exists then 

if there exists a c-scroll-text-list ETL such that (the label of ETL = "[PN]-[type5]-[»ype7]-ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-FUNCHION-STRUCTIJRE-STRUCTIJRE-PROC (the symbol domain, 
the symbol motif, typeO, type2, type5, type7, PETL, PDA, PMA, ETL, panel, win) 

else 

if PGA exists then 
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if there exists a c-scroll-text-list ETL such that (the label of ETL = " [ FN] -{ type5 H 'yp* 9 }-ETL") then 

go to final-routine 

else 

ETL, TX2 = call C-MERGE-BR-FIJNCTION-STRUCTURE-STRUCTIJRE-PROC (the symbol 
domain, the symbol group, typeO, type2, type5, type9, PETL, PDA, PGA, ETL, panel, win) 

else 

ETL, TX2 = call C-MERGE-BR-FUNCTION -STRUCTURE-PRO C (the symbol domain, typeO, type2, 
type5, PETL, PDA, ETL, panel, win); 

else 

if PMA exists then 
if PMA-2 exists then 

if there exists a c-scroll-text-list ETL such that (the label of ETL = "(PNHtype7Htype8]-ETL") then 
go to final-routine 
else 

ETI_TX2 = call C-MERGE-BR-FUNCTION-STRUCTURE-STRUCTURE-PROC (the symbol motif, 
the symbol motif, typeO, type2, type7, type8, PETL, PMA, PMA-2, ETL, panel, win) 

else 

if PGA exists then 

if there exists a c-scroll-text-list ETL such that (the label of ETL = "tPN|-Itype7Htype91-ETL") then 
go to final-routine 

ETL,TX2 = call C-MERGE-BR-FUNCTION-STRUCTURE-SITlUCTURE-PRC)C (the symbol motif, 
the symbol group, typeO, type2, type7, type9, PETL, PMA, PGA, ETL, panel, win) 

else 

ETL. TX2 = Call C-MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol motif, ypeO, type2, 
type7, PETL, PMA, ETL, panel, win); 

else 

if PGA exists then 
if PGA-2 exists then 

if there exists a c-scroll-text-list ETL such that (the label of ETL = "JPN]-[type9HtypelOJ-ETL") then 
go to final-routine 
else 

ETL.TX2 = call C-MERGE-BR-FUNCTION-STRUCTURE-^ (the symbol 

group, the symbol group, typeO, type2, type9, typelO, PETL, PGA, PGA-2, ETL, panel, win) 

else 

ETL, TX2 =Call C-MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol group, typeO, type2, 
type9, PETL, PGA, ETL, panel, win); 
return ETL, TX2; 
final-routine: 
return ETL, TX2; 
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QUERY-BR-LOC\T!ON-FUNCTION-STOUCTURE-USTS-PROC (typeO: symbol, typel: symbol, type* 
symbol, PETL: class scroll-text-ltst, panel: class query-panel, win : class window) = (class scrotl-text-list, 
text) 

BRN: symbol = symbol (the related-item of panel); 
PN: symbol = the name of panel; 
SW: class kb-workspace = the subworkspace of panel; 
if the number of elements in PETL = 0 then 

TX2 = capitalize-words (There are no entities with structures defined in this module that are [typeOJ 
of [BRN] and located in the [typelj") 

else 

if there exists a radio-button B upon SW such that (the id of B = "subunits") then 
type3, PSA = call FIND-SPECIFIC-ARRAY-PROC fsubunits", panel, win) 
else 

if there exists a radio-button B upon SW such that (the id of B = "subunits-2") then 
type4, PSA-2 = call FIND-SPECIFIC-ARRAY-PROC f 'subunits-2", panel, win) 
else 

if there exists a radio-button B upon SW such that (the id of B = "domains") then 
typeS, PDA = call FIND-SPECIFIC-ARRAY-PROC ("domains", panel, win) 
else 

if there exists a radio-button B upon SW such that (the id of B = "domains-2") then 
type6, PDA-2 = call FIND-SPECIFIC-ARRAY-PROC ("domains-2", panel, win) 
else 

if there exists a radio-button B upon SW such that (the id of B = "motifs") then 
type7, PMA = call FIND-SPECIFIC-ARRAY-PROC ("motifs", panel, win) 
else 

if there exists a radio-button B upon SW such that (the id of B = "motifs-2") then 
typeS, PMA-2 = call FIND-SPECIFIC-ARRAY-PROC ("motifs-2", panel, win); 
else 

if there exists a radio-button B upon SW such that (the id of B = "groups") then 
type9, PGA » call FIND-SPECIFIC-ARRAY-PROC ("groups", panel, win) 
else 

if there exists a radio-burton B upon SW such that (the id of B = "groups-2") then 
typelO, PGA-2 = call FIND-SPECIFIC-ARRAY-PROC ("groups-2", panel, win); 
if PSA exists then 
if PSA-2 exists then 

if there exists a scroll-text-list ETL such that (the label of ETL «= "[PN]-ltypeO]-|typel}-|type2]- 

ltype3]-[type4]-ETL") then 
go to final-routine _ 
else 
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ETL, TX2 = call MERGE-BR-LOCATION-FUNCTlON-STRUCl UKE-STRUCTURE-PROC (the 

symbol subunit, the symbol subunit, tyieO, typel, type2, type3, type4, PETL, PSA, PSA-2, 

panel, win); 

else 

ETL, TX2 = call MERGE^R-LOCATION-FUNCTION-STRUCTURE-PROC the symbol subunit, 
(typeO, typel, type2, type3, PETL, PSA, panel, win); 

else 

if PDA exists then 
if PDA-2 exists then 
if there exists a scroll-text-list ETL such that (the label of ETL = 
"[PN}-[typeO]-[typelHtype2]-[type5]-[type6hETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-LCXIATION-FUNCTION-STOUCTURE-STRUCTLrRE-PRO^ (the 
symbol domain, the symbol domain, typeO, typel, type2, type5, type6, PETL, PDA, PDA-2, 
panel, win) 

else 

if PMA exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = . 

"lPNHtyr^H»ypel]-Itype2]-ttype5Wtype7J-ETL")then 

go to final-routine 
else 

ETL, TX2 = call MERGE-BR-LOCATION-FUNCTION-STRUCTURE-STRUCrURE-PROC (the 
symbol domain, the symbol motif, typeO, typel, type2, typeS, type7, PETL, PDA, PMA, 
panel, win) 

else 

if PGA exists then 
if there exists a scroll-texHist ETL such that (the label of ETL = 
"n , NHtype0^ltypel]-Itype2|-(type5]-[type91-ETL") then 
go to final-routine 
else 

ETL, TX2 = call MERGE-BR-IjOCATION-FUNCTION-Sr^^ (the 
symbol domain, the symbol group, typeO, typel, type2, type5, type9, PETL, PDA, PGA, 
panel, win) 

else 

ETL. TX2 = call MERGE-BR-LCX2ATION-FUNCT10N-STRUCTURE-PROC (the symbol domain, 
typeO, typel, type2, type5, PETL, PDA, panel, win); 

end 
else 

if PMA exists then 
if PMA-2 exists then 
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if there exists a scroll-text-list ETL such thai (the label of ETL = 

"rPNHtypeOHtypelHtype2Htype7Htype81-ETL' , ) then 

go to final-routine 
else 

ETL, TX2 = call MERGE-BR-UDOVTION-FUNCTION-STRUCTURE-STRUCrURE-PRC)C (the 
symbol motif, the symbol motif, typeO, typel, type2, type7, typeS, PETL, PMA, PMA-2, 
panel, win) 

else 

if PGA exists then 
if there exists a scroll-text-list ETL such that (the label of ETL = 

go to final-routine 
else 

ETL, TX2 = call MERGE-BR-LO(^TION-rlJNCnON-STRUCIURE-STRUCTlTO-PROC (the 
symbol motif, the symbol group, typeO, typel, type2, type7, type9, PETL, PMA, PGA, panel, 
win) 

else "■ 4 ~ 

ETL, TX2 = Call MERGE-BR-LC)CATION-FUNCriON-STRUCrURE-PRC>C (the symbol motif, 

typeO, typel, type2, type7, PETL, PMA, panel, win); 

else 

if PGA exists then 
if PGA-2 exists then 
if there exists a scroll-text-ltst ETL such that (the label of ETL = 
"(PNHtypeOHtypelHtype2Htype9]-Uyp€l01-ETL")then 

go to final-routine 
else 

ETL, TX2 = call MERGE-BR-LOCAT10N-FUNCTION-5TRUCTURE-STOUCTURE-PROC (the 
symbol group, the symbol group, typeO, typel, type2, type9, typelO, PETL, PGA, PGA-2, 
panel, win) 

else 

ETL, TX2 =Call C-MERGE-BR-IJDCAT10N-FUNCTION-STRUCTURE-PRC)C (the symbol group, 
typeO, typel, type2, type9, PETL, PGA, panel, win); 
return ETL, TX2; 
final-routine: 
TX2 = the scroll-title of ETL; 
return ETL, TX2; 
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MERGE-BR-LOCATlON-FUNCnON-STRUCTURE-PROC (tagl: symbol, typeO: symbol, typel: symbol, 
typeZ symbol, type3: symbol, PETL: class scroll-text-list, QA: class query-array, panel: class query-panel, 
win : class window) = (class scroll-text-list, text) 

FN: symbol = the name of panel; 

BRN: symbol = the related-item of panel; 

ETL: class e-scroll-text-list; 

if there exists a c-scroll-text-list ETL such that (the label of ETL = "[PN}-[typeOHtypel]-[type2]-[type3]- 

ETL") then 
go to exit-routine 
else 

create a c-scroll-text-list ETL; 

conclude that the label of ETL = "(PN)-[typeOWtypelHtype2]-[type31-ETL"; 
conclude that ETL is a-list-associated-to-dlg panel; 
transfer ETL to the subworkspace of safe-home-for-lists at (50, -245); 
TX2 = the scroll-title of ETL; 
if the number of elements in PETL >= 0 then 
if the array-length of QA > 0 then 
TX2 = capitalize-words CUype2] that are [typeO] of [BRN] and located in the [typel] thafcontain 

ttype3]"); 
for Tl = each text in PETL do 
for S2 = each symbol in QA do 
ifTl = "(S2rthen 

insert Tl at the end of the text list ETL; 

else 

if type3 = symbol C no-(tagl ]-selection") then 

TX2 o capitalize-words ntype2J with structures defined in this module that are [typeO] of [BRN) 
and located in the [typel]") 

else 

TX2 = capitalize-words Cltype2] with structures defined in this module that are [typeO] of [BRN] 

and contained in the [typel] . None of those contain [type3]"); 
for Tl - each text in PETL do 
insert Tl at the end of the text list ETL; 
return ETL, TX2; 
exit-routine: 
TX2 = the scroll-title of ETL; 
return ETL, TX2; 
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MERGE-BR-LOCATION-RJNCTION-STRUCRIRE-STRUCTURE-PROC (tagl: symbol, tag2: symbol, 
typeO: symbol, typel: symbol, type2: symbol, type* symbol, type5: symbol, PETL: class scroll-text-list, 
QA1: dass query-array, QA1 class query-array, panel: class query-panel, win : class window) *» (class 
scroll-text-list, text) 

BRN: symbol = symbol (the related-item of panel); 
PN: symbol = the name of panel; 

if there exists a c-scroll-text-list ETL such that (the label of ETL = 

"[PN]-{typeO}-[typell-[type2]-[type4]-Itype51-ETL") then 

go to exit-routine 
else 

create a c-scroll-text-list ETL; 

conclude that the label of ETL = lPNh[typeOJ-[typel]-[type2]-[type4l-[tyi>e5>ETL"; 
conclude that ETL is a-list-associated-to-dlg panel; 
transfer ETL to the subworkspace of safe-home-for-lists at (50, -245); 
TX2 = the scroll-title of ETL; 
if the array-length of QA1 = 0 then 
if the array-length of QA2 = 0 then 
if type5 = symbol f no-(tag2]-selection") and type4 = symbol ("no-[tagl]-selection") then 
TX2 = capitalize-words Cltype 2 ! structures defined in this module that are [typeO) of 
[BRN] and located in the [typel]") 

else 

if typeS = symbol ("no-[tag2]-selection") then 

TX2 = capitalize-words f[type2] with structures defined in this module that are (typeO] of 
[BRN] and located in the [typel]. None contain |type4D 

else 

if type4 = symbol ("no-[tagl]-selecuon") then 

TX2 = capitalize-words ("[type2] with structures defined in this module that are [typeO] of 
[BRN] and located in the (typel] contain [typeS]") 

else 

7X2 = capitalize-words ("[type2] with structures defined in this module that are (typeO] of 
[BRN] and located in the [typel]"); 
for T = each text in PETL do 
insert T at the end of the text list ETL; 
else if the array-length of QA2 >= 0 then 

if type4 = symbol ("no-[tagl]-selection") then 

TX2 = capitalize-words f [type2] with structures defined in this module that are [typeO] of [BRNJ 

and located in the [typel ] that contain [typeSD 

else ._ 
TX2 = capitalize-words C[type2) with structures defined in this module that are [typeO] of (BRN| 
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and located in the (typel) that contain [type5]. None was found also containing [type4]"); 
for T = each text in PETL do 
for S2 = each symbol in QA2 do 
ifT = -[S2]"then 

insert Tat the end of the text list ETL; 
else if the array-length of QA1 >- 0 then 
if the array-length of QA2 = 0 then 
if type5 = symbol Cno-[tag2]-selection") then 

TX2 = capitalize-words ntype2] with structures defined in this module that are [typeO] of [BRN] 
and located in the (typel) that contain (type4]") 

else 

TX2 = capitalize-words f[type2] with structures defined in this module that are (typeO] of 
[BRN] and located in the (typel) that contain (type4). None was found also containing 

ltype5D; 
for T = each text in PETL do 
for Si = each symbol in QA1 do 
if T = "[SI r then insert T at the end of the text list ETL; 
else if the array-length of QA2 >= 0 then 
TX2 = capitalize-words f[type2] with structures defined in this module that are [typeO] of (BRN] 

and located in the [typel] that contain [type4) and [type5J"); 
for T = each text in PETL do - " 

for SI = each symbol in QA1 do - <~x 

ifT = "[Sir then 
for S2 = each symbol in QA2 do 
if T = "[S2]* then insert Tat the end of the text list ETL; 
return ETL, TX2; 
exit-routine: 
TX2 = the scroll-title of ETL; 
return ETL, TX2; 



TABLE 170 



an user-menu-choice 



Label 



Applicable class 
Condition 



list-copies 
complex -bioentity 
the item has a name 



Action 



surt ET-UST-COP1ES-CALLBACK (the item, this window) 



ET-UST-LOCAL-COPIES<L\LLBACK (ET: class complex-bioentity, win : class window) 
EN: symbol = the name of ET; 
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tf integer = 0; 

create a message-dialog md, set the text of the n.essage upon the SW of md to "Processing 

and show the SW of md on the current window at (0, 0); 
if there exists a scroll-text-list that is the-copies-list-of ET then 

for CEL = each scroll-text-list that is the-copies-list-of ET do 
delete CEL.; 
create a scroll-text-list CEL; 
conclude that CEL is THE-COPIES-LIST-OF ET; 
transfer CEL to the subworkspace of safe-home-for-lists at (55, 15); 
call UST-LCJCAL-BIOENTTTY-COPIES-PROC (ET, CEL, win); 
if the number of elements in CEL = 0 then 

go to exit— routine 
else 

create a query-panel panel by cloning MASTER-LOCAL-BIOENTITY-COPIES-PANEL; 
transfer panel to the subworkspace of dialog-bin at (0, 0); 
SW = the subworkspace of panel; 
make panel permanent; 
create a panel-text FT; 

change the text of FT to "COPIES OF: [EN]"; . . ; 

transfer FT to SW at (0, 80); 

sa = call create-scroll-area-from-list f ET-copies-scroH", 5, CEL); ' - - 

conclude that the allow-unselect-on-selected-message of sa is true; 
conclude that the allow-multiple-simultaneous-selections of sa is true; 

call add-grobj-to-dialogtpanel, sa, 0, -30); ' •* * *--' • 

call scroll-area-reflect (sa); ' ' '■- : 

call set-attribute(SA, the symbol uil-message-selecUon-method, the symbol ET-COPIES-MESSAGE- 

SELECTION-CALLBACK ); ' ' 

call uil-set-attribute(SA, the symbol uil-message-unsdection-method, the symbol ET-COPIES- 

MESSAGE-UNSELECTION-CALLBACK ); 
de = call create-pushbutton ("de", the symbol text, the symbol DELETE-QUERY-PANEL- 

CALLBACK, the symbol medium, "DELETE"); 
call add-grobj-to-dialog(panel, de, 0, -145); 
change the size of the subworkspace of panel to minimum; 

show the SW of panel on win with its center 200 units to the left of the center of the screen; 
delete md; 
return, 
exit-routine: 
delete md; 

create a message-dialog md, set the text of the message upon the SW of md to There are no copies of: 

(EN]" and show the SW of md on the current window at (0, 0); _ 
return; 
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UST-LOCAL-BIOENTTTY-COPIES-PROC (ET: class bioentity, CEL: class scroll-text-list, win: class 
window) 

EN: symbol = the name of ET; 
CL = the dass of ET; 
if ET is a PROTEIN then 

if there exists a protein CE that is of the class named by CL such that (the text of the master-bioentity 

of CE = "[EN]") then 
for CE = each protein that is of the dass named by CL do 
if the text of the master-bioentity of CE = "(EN]" then 
insert "[the id of CE]" at the end of the text list CEL; else 
if ET is a PROTEIN-MOTIF then 
if there exists a protein-motif CE that is of the class named by CL such that (the text of the master- 
bioentity of CE = "(EN]" ) then 
for CE = each protein-motif that is of the class named by CL do 
if the text of the master-bioentity of CE = "(EN)" then 
insert "(the id of CE]" at the end of the text list CEL; else 
if ET is a PROTEIN-DOMAIN then - u 

if there exists a protein-domain CE that is of the class named by CL such . . r ^ n - 

that (the text of the master-bioentity of CE = "[EN]" ) then 
for CE = each protein-domain that is of the class named by CL do 
if the text of the master-bioentity of CE = "(EN]" then 
insert "(the id of CE]" at the end of the text list CEL; else 
if ET is a PROTEIN-COMPONENT then 
if there exists a protein-component CE that is of the class named by CL 
such that (the text of the master-bioentity of CE = "(EN]" ) then 
for CE = each protein-component that is of the dass named by CL do 
if the text of the master-bioentity of CE = "(EN]" then 
insert "(the id of CE]" at the end of the text list CEL; else 
if ET is a DNA-COMPONENT then 
if there exists a dna -component CE that is of the dass named by CL such 

that (the text of the master-bioentity of CE = "(EN]" ) then 
for CE = each dna -component that is of the dass named by CL do 
if the text of the master-bioentity of CE = "(EN]" then 
insert "(the id of CE]" at the end of the text list CEL; else 
if ET is a HETER.MOLCOMPLEX then 
if there exists a heter.mol.complex CE that is of the class named by CL _ 
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such that (the text of the master-bioentity cf CE = "[EN]" ) then 
for CE = each heter.mol.complex that is of the class named by CL do 
if the text of the master-bioentity of CE = "[EN]" then 
insert "[the id of CE]" at the end of the text list CEL; else 
if ET is a NUCLEIC-ACID then 
if there exists a nudeic-acid CE that is of the class named by CL such 

that (the text of the master-bioentity of CE = "[EN]" ) then 
for CE = each nucleic-acid that is of the class named by CL do 
if the text of the master-bioentity of CE = "[EN]" then 
insert "[the id of CE]" at the end of the text list CEL; else 
if ET is a MEMBRANE then 
if there exists a membrane CE that is of the class named by CL such that 
(the text of the master-bioentity of CE = "(EN]" ) then 
for CE = each membrane that is of the class named by CL do 
if the text of the master-bioentity of CE - "[EN]" then 
insert "(the id of CE]" at the end of the text list CEL; else 
if ET is a BIOENTTrY then 
if there exists a bioentity CE that is of the class named by CL such that 
(the text of the master-bioentity of CE = "[EN]" ) then 
for CE = each bioentity that is of the class named by CL do 
if the text of the master-bioentity of CE = "[EN]" then 
insert "[the id of CE]" at the end of the text list CEL; 
return; 



TABLE 172 



ET-COPIES-MESSAGE-SELECTION-CALLBACK (MO class message-object, SA: class scroll-area, win: 

class window) 
BRN: symbol; 
T: text = the text of MO; 

if there exists a bioentity EN such that (the id of EN = T) then 
show EN on win with its center 300 units to the right of the center of the screen ; 

ET-COPIES-MESSAGE-UNSELECTION-CALLBACK (Ma class message-object, SA: class scroll-area, 

win: class window) 
T: text = the text of MO; 

if there exists a bioentity EN such that (the id of EN = T) then hide the workspace of EN on win; 
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an user-menu-choice 
Label show-lists 
Applicable class bioreservoir 

Condition the br-chaining-tracer upon the subworkspace of the item exits 

Action start BR-CHAINING-PROC (the item, this window) 



BR-CHAINING-PROC (BR class bioreservoir, win: class window) 
tracer: = the br-chai rung-tracer upon the subworkspace of BR; 
if the subworkspace of tracer exists then 

show the SW of tracer on Win with its center 400 units to the right of the center of the screen 
else 

if BR has a name then go to chaining-routine 
else if the master-bioreservoir of BR is not none then 
BR = the bioreservoir named by the master-bioreservoir of BR; 
go to chaining-routine; 
else return; 
chaining-routine: 

create a workspace SW by cloning the subworkspace of BR-CHAINING-LISTS ; 
make SW the subworkspace of tracer; -_ . . . L - 

change the text of the panel-text upon SW to "Lists of bioReservoirs and bioProcesses Downstream 

and Upstream of: [the name of BR]"; 
DBPL = the downstream-bioprocesses-list upon SW ; 
DBRL = the downstream-bioreservoirs-list upon SW ; 
for DBP = each bioprocess that is a-down-bioprocessof BR do 
allow other processing; 

insert DBP at the end of the bioprocess list DBPL; 

for DDBP = each bioprocess that is a-downstream-bioprocess-of DBP do 

insert DDBP at the end of the bioprocess list DBPL; 
for LDDBP = each bioprocess in DBPL do 
for DDBR - each bioreservoir that is a-down-bioreservoir-of LDDBP do 
insert DDBR at the end of the bioreservoir list DBRL; 
UBPL = the upsrreanvbioprocesses-list upon SW ; 
UBRL = the up stream -bioreservoirs-list upon SW ; 
for UBP = each bioprocess that is an-up-bioprocess-of BR do 
allow other processing; 

insert UBP at the end of the bioprocess list UBPL; 
for UUBP=each bioprocess that is an-upstream-bioprocess-of UBP do 
insert UUBP at the end of the bioprocess list UBPL; _ 
foT LUUBP = each bioprocess in UBPL do 
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for UUBR =each bioreservoir that is an-up-bioreservoir-of LUUBP do 
insert UUBR at the end of the bioreservoir list UBRL; 
change the size of SW to minimum; 

show SW on win with its center 400 units to the right of the center of the screen; 
return; 
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an user-menu-choice 
Label show-lists 
Applicable class bioprocess 

Condition tthe bp<haining-tracer upon the subworkspace of the item exits 

Action start BP-CHADMING-PROC (the item, this window ) 



BP-CHAINING-PROC (BP: dass bioprocess, win: class window ) 
trace r= the bp-chaining-tracer upon the subworkspace of BP; 
if the subworkspace of tracer exists then 

show the subworkspace of tracer on win with its center 400 units to the right of the enter of the screen 
else 

if BP has a name then go to chaining-routine 
else if the master-bioprocessof BP is not none then 

BP = the bioprocess named by the master-bioprocess of BP; 

go to chaining-routine; 
else return; 
chaining-routine: 

create a workspace SW by cloning the subworkspace of BP-CHADMING-USTS; 
make SW the subworkspace of tracer; 

change the text of the panel-text upon SW to "(the name of BP)"; 
DBPL = the downstream-bioprocesses-Hst upon SW ; 
SDBPL = the downstream-bp-simulation-list upon SW ; 
DBRL = the downstream-bioreservoirs-list upon SW ; 
SDBRL = the downstream-br-simulation-list upon SW ; 
for DBF = each bioprocess that is a-downstream-bioprocess-of BP do 
allow other processing; 

insert DBF at the end of the bioprocess list DBPL; 

if the status of DBP is downstream-activated or the status of DBP is forw-acuvated then 

insert DBP at the end of the bioprocess list SDBPL; 
for DBR = each bioreservoir that is a-down-bioreservoir- of DBP do 
insert DBR at the end of the bioreservoir list DBRL; _ 
UBPL = the upsrream-bioproc esses-list upon SW ; 
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SUBPL = the upstream-bp-simulation-list upon SW ; 
UBRL = the upstream-bioreservoirs-list upon SW ; 
SUBRL = the upstream-br-simulation-list upon SW ; 
for UBP = each bioprocess that is an-upstreatn-bioprocess-of BP do 
allow other processing; 

insert UBP at the end of the bioprccess list UBPL; 

if the status of UBP is upstream-activated or the status of UBP is back-activated then 

insert UBP at the end of the bioprocess list SUBPL; 
for UBR = each bioreservoir that is an-up-bioreservoir-of UBP do 

insert UBR at the end of the bioreservoir list UBRL; 
change the size of SW to minimum; 

show SW on win with its center 400 units to the right of the center of the screen; 
return; 
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an user-menu-choice 
up-pathway 
bioprocess 

the subworkspace of the item has been activated and the subworkspace of 
the up-path-tracer upon the subworkspace of the item does not exist .. 
start DRAW-UP-PATHWAY-PROC (the up-path-tracer upon the subworkspace >; 
of the item, this window ) 



DRAW-UP-PATHWAY-PROC (PT: class up-path-tracer, win: class window) 
BP = the bioprocess superior to the workspace of PT; 

if BP has a name and there exists a bioreservoir that is an-up-bioreservoir-of BP then 
create a workspace SW by cloning the subworkspace of MASTER-UP-PATHWAY; 
make SW the subworkspace of PT; 
T = the biomodel-title upon SW; 

conclude that the label of T = "(the label of T] [the label of BP)"; 

change the status-color icon-color of BP to brown; 

create a bioprocess LBP by cloning BP; 

make the subworkspace of LBP transient; 

delete the subworkspace of LBP; 

x = the x-pos upon SW; 

y = the y-pos upon SW; 

conclude that x = -305; 

conclude that y = -240; _ 
transfer LBP to SW at (x, y); 
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show SW at three-quarter scale with its bottom left corner 50 units to the right of the 

bottom left corner of the screen; 
for UBP •» each bioprocess that is an-upstream-bioprocess-of BP do 
allow other processing; 

change the status-color icon-color of UBP to brown; 
conclude that y = y + 30; 

call CREATE-LOCAL-UP-BP-PROC (BP, LBP, SW, win); 
change the size of SW to minimum; 
return; 
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CREATE-LOCAL-UP-BP-PROC (BP: class bioprocess, LBP: class bioprocess, SW: class workspace, win: 
class window) 

x = the x-pos upon SW; y = the y-pos upon SW; 
if there exists a bioreservoir that is an-up-bioreservoir-of BP then 
for UBR = each bioreservoir that is an-up-bioreservoir-of BP do 
if there exists a bioprocess that is an-up-bioprocess-of UBR then 
for UBP = each bioprocess that is an-up-bioprocess-of UBR do 

if there exists a bioprocess MBP upon SW such that (the master-bioprocess of MBP = the master- 
bioprocess of UBP) then LUBP » MBP; 
go to connect-routine; 
eise 

conclude that x = x + 110; 

if x > 2600 then show SW at one-quarter scale with its top left corner 50 units below the top left 
comer of the screen 

else 

if x > 1800 then show SW at half scale with its top left corner 50 units below the top left corner of 
the screen; 

create a bioprocess LUBP by cloning UBP; 
make the subworkspace of LUBP transient; 
delete the subworkspace of LUBP; 
transfer LUBP to SW at (x, y); 
t = random (20, 76); 1 = random (5, 25); 

create a connection connected between LBP newly locating it at top at the position given by t and 

LUBP newly locating it at left at the position given by 1 with direction input; 
conclude that y = y + 30; 

call CREATE-LOCAL-UP-BP-PROC (UBP, LUBP, SW, win); 
return; — 
connect-routine: 
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for C = each connection connected to LBP do 
if there exists a connection UC connected to Ll/BP such that (UC is the same object as C) then return; 
b = random (20, 76); 
r = random (40, 51); 
p = x-rel-position (LBP, LUBP); 
if p > 0 then 

create a connection of class c-line connected between LBP newly locating it at bottom at the position 
given by b and LUBP newly locating it at right at the position given by r with direction input , 
with vertices 10 else 
if p < 0 then 

create a connection of class c-line connected between LBP newly locating it at right at the position 
given by r and LUBP newly locating it at bottom at the position given by b with direction input 



TABLE 177 



an user-menu-choice 
navig-panel 
bioreservoir 

the item has a name and the subworkspace of the item exists 

start CREATE-DTRECTION-PANEL-CALLBACK (the item, this window) 



an user-menu-choice 
navig-panel 
biopool 

the bioreservoir superior to the workspace of the item has a name 
start CREATE-DIRECnON-PANEL-CALLBACK (the bioreservoir of the 
biopost connected to the item, this window) 



an user-menu-choice 
navig-panel 
biorole-object 
none 

start CREATE-DIRECnON-PANEL-CALLBACK (the ref-bioreservoir superior 
to the workspace of the item, this window) 

CREATE-DIRECTION-PANEL-CALLBACK (BR class bioreservoir, win: class window) 
BRN: symbol = the name of BR; 

create a panel by cloning MASTER-NAVIG-D1RECT10N-PANEL; 

transfer panel to the subworkspace of DIALOG-BIN — 

SW = the subworkspace of panel; 
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call SET-RADIO-BOX-ID-PROC fnavig-direction", "[BRN]-NAVIG-DIRECTION-radio-box", SW, win); 
create a panel-text FT; 

change the text of FT to "DIRECTION OF NAVIGATION FROM: [BRN]"; 

transfer FT to SW at (0, 110); 

call shrink-wrap-dialog(panel); 

change the text of the related-item of panel to "|BRNJ"; 

show SW on win at (0, 0); 

return; 



TABLE 178 



SELECT-DIRECnON-CALLBACK (button: class button, win : class window, dig: class dialog) 
BR = the bioreservoir named by the related-item of dig; 

rb-id = call GET-RADIO-BOX-ID-PROC ("navig-direction", the subworkspace of dig, win); 
type = call get-radio-box-value (dig, rb-id); 
call delete-dialog (dig); 

md = call ereate-message-dialog ("md", Trocessing .... the symbol extra-large, win, 0, 0); 
case (type) of 

-Upstream": panel = call CREATE-UPSTREAM-NAV1G-PANEL-CALLBACK (BR, win); 

"Downstream": panel = call CREATE-DOWNSTREAM-NAVIG-PANEL-CALLBACK (BR, win); 
call delete-dialog (dig); 
delete md, 



TABLE 179 



CREATE-DOWNSTREAM-NAVIG-PANEL-CALLBACK (BR class bioreservoir ,win : class window) 
= (class entry-panel) 
BRN: symbol = the name of BR; 

if not (there exists a bioprocess that is a-down-bioprocess-of BR) then go to exit-routine; 
panel = call done-panel (MASTER-DOWN-NAVIGATION-PANEL); 
change the text of the related-item of panel to "[BRN]"; 
create a panel-text FT; 

change the text of FT to "DOWNSTREAM NAVIGATION PANEL FOR: [BRN]"; 

transfer FT to the subworkspace of panel at (70, 360); 

call NAVIG-CREATE-DOWNSTREAM-USTS-PROC (BR, panel, win); 

DBPL= the bioprocesses-list that is the-dsbp-list-of panel; 

make panel permanent; 

create a text-list PSML; 
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for DBP = each bioprocess that is a-down-bioprocess-of BR do 
for DBM = each biomodel that is the-container-o'-bp DBP do 

if DBM is not a bioreservoir-bin then insert "|the name of DBM]" at the end of the text list PSML; 
call COMPLETE-NA VIG-PANEL-CA LLBACK (BR. PSML, panel.win); 
return panel; 
exit-routine: 

md = call create-message-dialog fmd", There is no down-bioprocess of [the name of BR)", 

the symbol extra-large, win, 0, 0); 
return md; 



TABLE 180 



NAVIG-CREATE-DOWNSTREAM-USTS-PROC (BR: class bioreservoir, 
panel: class entry-panel, win: class window) 

if there exists a downstream-bioprocesses-list that is the-dsbp-list-of panel then 
for BPL = each bioprocesses-list that is the-dsbp-list-of panel do 
delete BPL; 

if there exists a downstreanvbioreservoirs-list that is the-dsbr-list-of panel then 
for BRL = each downstream-bioreservoirs-list that is the-dsbr-list-of panel do 
delete BRL; 
allow other processing; 
create a downstream-bioreservoirs-list BRL; 
conclude that BRL is THE-DSBR-LIST-OF panel ; 
transfer BRL to the subworkspace of safe-home-for-lists; 
create a downstream-bioprocesses-list BPL; 
conclude that BPL is THE-DSBP-LIST-OF panel ; 
transfer BPL to the subworkspace of safe-home-for-lists; 
insert BR at the end of the bioreservoir list BRL; 

if there exists a bioreservoir DBR such that (DBR is a-downstream-bioreservoir-of BR) then 
for DBR = each bioreservoir that is a-downstream-bioreservoir-of BR do 
insert DBR at the end of the bioreservoir list BRL; 

for DBP = each bioprocess that is a-down-bioprocess-of BR do 
insert DBP at the end of the bioprocess list BPL; 

if there exists a bioprocess DSBP such that (DSBP is a-downstream-bioprocess-of DBP) then 
for DSBP = each bioprocess that is a-downstream-bioprocess-of DBP do 
insert DSBP at the end of the bioprocess list BPL; 
return; 
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LIST-NAVIGATION-DBP-CALLBACK (button: class button, win: class window, panel: class entry-panel) 
SW = the subworkspace of panel ; 
BRN= the related-item of panel; 
BR= the bioreservoir named by BRN; 

BRL= the downstream-bioreservoirs-list that is the-dsbr-list-of panel ; 
BPL = the downstream-bioprocesses-list that is the-dsbp-list-of panel ; 
SA = the scroll-area upon SW; 

if not (there exists an uil-mes sage-object that is a-selected-message-ofSA) then 
go to no-entry-routine; 

create a bin-downs tream-bp-simulariori-list DBPL; 
create a dowri-br-simulation-!ist DBRL; 

call NAVIG-READ-DOWN-SCROLL-PROC (BPL, BRL, DBPL, DBRL, win, panel ); 
n = the number of elements in DBPL; 
conclude that the lenght of DBPL = n; 
transfer DBPL to SW at (100, 20); 
transfer DBRL to SW at (170, 20); 
de = call get-obj-from-id ("de", panel); 
call disable-button (de); 
call disable-button (button); 
return; 
no-entry-routine: 

md = call create-message-dialog ("md", "No bioModel has been selected for this navigation 

Click on the ? button, follow the instructions and click on LIST again", the symbol large), win, 0, 0); 
return; 



TABLE 182 



NAVIC-READ-DOWN-SCROLL-PROC (BPL: class downstream-bioprocesses-list, BRL class 
downstream-bioreservoirs-list, DBPL class bm-downstream-bp-simulation-list, DBRL: class down-br- 
simulation-list, win: class window, panel: class entry-panel) 
SW = the subworkspace of panel; 

scroll-array =call get-selected-message (panel, "select-biomodel-scroU"); 
for ST o each text in scroll-array do 

BMN = symbol (ST); 

BM = the biomodel named by BMN; 

conclude that BM is THE-NAVIGATED-BM-OF panel; 

n = n + l; 

if n = 1 then 
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SBMT = ST else 

if n > 1 then 

SBMT = "[SBMT], [ST]"; 

show the subworkspace of BM at three-quarter scale with its top right corner 40 units below the top 

right corner of the screen; 
for DBR = each bioreservoir in BRL do 
allow other processing; 

if DBR is BR-CONTADMED-rN BM then insert DBR at the end of the bioreservoir list DBRL; 
for DBP = each bioprocess in BPL do 
allow other processing; 

if DBP is BP-CONTAINED-IN BM then insert DBP at the end of the bioprocess list DBPL; 
change the name of DBPL to symbo!("downstream-BP-w:thin-[SBMTr}; 
change the name of DBRL to symbolfdownstream-BR-withjn[SBMT]"); 
conclude that the ref-biomodel of DBPL = 1SBMT]"; 
dr = call get-obj-from-id ("dr", panel); 
call enable-button (dr); 
return; 



TABLE 183 



NAVIG-DRAW-DBP-CALLBACK (button; class button, win: class item, panel: class entry-panel) 
WS: class kb-workspace = the subworkspace of panel; 
DBPL = the bm-downstream-bp-simulation-list upon WS; 
SW - call CREATE-NA V IG-PATH-TRACER-PROC ("downstream", panel, win); 
show SW at three-quarter scale with its top left corner 50 units below the top left corner of the screen; 
BR = the bioreservoir named by the related-item of panel; 
if there exists a bioprocess that is a-down-bioprocess-of BR then 
BT = the biomodel-title upon SW; 

conclude that the label of BT = "[the label of BT]: {the label of BR]"; 

change the status-color icon-color of BR to brown; 

x = the x-pos upon SW; 

y = the y-pos upon SW; 

conclude that x = - 50; 

conclude that y <= 120; 

create a bioreservoir LBR by cloning BR; 

delete the subworkspace of LBR; 

transfer LBR to SW at (x, y); 

conclude that y = y - 40; 

for DBP = each bioprocess that is a-down-bioprocess-of BR do 
if DBP is a member of the bioprocess list DBPL then 
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allow other processing; 

conclude that x » x + 110; 

create a bioprocess LDBP by cloning DBP; 

delete the subworkspace of LDBP; 

transfer LDBP to SW at (x, y); 

r = random (3, 35); 

t = random (20, 76); 

create a connection connected between LBR newly locating it at right at the position given by r 

and LDBP newly locating it at top at the position given by t with direction output; 
conclude that y = y - 40; 

call NAV1G-CREATE-LOCAL-DBP-PROC (DBP, LDBP, DBPL, SW, win); 
change the size of SW to minimum; 
call disable-button (button); 
return; 



TABLE 184 



NAV1G-CREATE-LOCAL-DBP-PROC (BP: class bioprocess, LBP: class bioprocess, DBPL: class bm- _ 
downstream-bp-simulation4ist, SW: class workspace, win: class window) 

x = the x-pos upon SW; 

y = the y-pos upon SW; 

if there exists a bioreservoir that is a-down-bioreservoir-of BP then 
for BR = each bioreservoir that is a-down-bioreservoir-of BP do 
if there exists a bioprocess that is a-down-bioprocess-of BR then 
for DBP = each bioprocess that is a-down-bioprocess-of BR do 
if DBP is a member of the bioprocess list DBPL then 
if there exists a bioprocess MBP upon SW such that (the master-bioprocess of MBP = the master- 
bioprocess of DBP) then 
LDBP = MBP; 

call CONNECT-EXISTING-LOCAL-DBP-PROC (LBP, LDBP, win), 
else 

allow other processing; 
conclude that x = x + 110; 

if x > 2600 then show SW at one-quarter scale with its top left corner 50 units below the top 

left corner of the screen else 
if x > 1800 then show SW at half scale with its top left corner 50 units below the top left corner 

of the screen; 
create a bioprocess LDBP by cloning DBP; 
delete the subworkspace of LDBP; 
transfer LDBP to SW at (x, y); 
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r = random (3, 35); 
t = random (20, 76); 

create a connection connected between LBP newly locating it at right at the position given by r 

and LDBP newly locating it at top at the position given by t with direction output; 
conclude that y = y - 40; 

call NAVIG-CREATE-LOCAL-DBP-PROC (DBP, LDBP, DBPL, SW, win); 

return; 

CONNECT-EXISTING-LOCAL-DBP-PROC (LBP: class bioprocess, LDBP: class ioprocess, win: class 
window) 

for C = each connection connected to LBP do 
if there exists a connection DC connected to LDBP such that (DC is the same object as C) then return; 

b = random (20, 76); 

r = random (3, 35); 

p m x-rel-position (LBP, LDBP); 

if p > 0 then 

create a connection of class c-Une connected between LBP newly locating it at right at the position 
given by r and LDBP newly locating it at bottom at the position given by b with direction output, 
with vertices 6 -60 else 

if p<0then . - :! ,-v- ■ 

create a connection of class c-line connected between LBP newly locating it at bottom at the position 

given by b and LDBP newly locating it at left 52 with direction output, with vertices -60; 
return; 



TABLE 185 



CREATE-NAVIG-PATH-TRACER-PROC (type: text, panel: class entry-panel, win: class item) = (class 
workspace) 

WS: class kb-workspace = the subworkspace of panel; 
if there exists a navig-path-tracer upon WS then 

for NT = each navig-path-tracer upon WS do 
delete NT; 
if type = "downstream" then 

create a navig-path-tracer NT by cloning MASTER-DOWN-NAVIG-PATHWAY else 

if type = "upstream" then 

create a navig-path-tracer NT by cloning MASTER-UP-NA VIC-PATHWAY; 
transfer NT to WS at (130, - 85); 
SW = the subworkspace of NT; 

show WS on win with its bottom right corner at the bottom right corner of the screen; 
call configure-path-tracer-proc (NT, win); 

286 



WO 96/22575 

return SW; 



PCT/US96/00883 



TABLE 186 



COMPLETE-NAVIG-PANEL-CALLBACK (BR class bioreservoi, PSML: class text-list, panel: class entry- 
panel, win : class window) 
SW = the subworkspace of panel; 

sa = call create-scroll-area-from-list f select-biomodel-scroll", 5, PSML, panel, 70, 170); 
conclude that the allow-unselect-on-selected-message of sa is true; 
conclude that the message-selection-method of sa is the symbol MESSAGE-SELECTION; 
conclude that the message-unselection-method of sa is the symbol MESSAGE-UNSE LECTION; 
if there exists a text-pushbutton de upon SW such that (the id of de = "de") then 

change the text of the callback of de to T3ELETE-ENTRY-PANEL-CALLBACK"; 
change the size of panel to minimum 
show SW on win at the center of the screen; 



TABLE 187 



RESET-NAVIGATION-CALLBACK (button: class button, win: class item, panel: class entry-panel) 
call RESET-NAVIG-PROC (panel); 

if there exists a text-pushbutton de upon SW such that (the id of de = "de") then enable de; 



RESET-NAVIG-PROC (panel: class c-entry-panel) 
SW: class kb-workspace « the subworkspace of panel; 
if there exists a biomodel that is THE-NAVIGATED-BM-OF panel then 
for BM = each biomodel that is THE-NAVIGATED-BM-OF panel do 
allow other processing; 

change the status-color icon-color of BM to lime-green; 
conclude that BM is not THE-NAVIGATED-BM-OF panel ; 
if there exists a navig-path-tracer upon SW then 
for NT = each navig-path-tracer upon SW do 
delete NT; 

if there exists a bioprocesses-list BPL upon SW then 
for BP = each bioprocess in BPL do 
allow other processing; 
conclude that the status of BP is available; 
change the status-color icon-color of BP to slate-blue; 
delete BPL; 

if there exists a bioreservoirs-list BRL upon SW then 
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for BR = each bioreservoir in BRL do 

allow other processing; 

conclude that the status of BR is available; 

change the status-color icon-color of BR to medium-aquamarine; 
delete BRL; 

if there exists a text-pushbutton Is upon SW such that (the id of Is = Is ") then enable ls; 
if there exists a text-pushbutton dr upon SW such that (the id of dr = "dr ") then disable dr; 



TABLE 188 



SDvfU L-INIT-CALLB ACK (button: class button, win: class window, panel: class selection-panel) 
call CENERAL-INIT-PROC (win); 
call SIMUL-INIT-PROC (win); 
return; 



ADD-SIMUL-CALLBACK (button: class uil-button, win: class window, panel: class selection-panel) 
call SIMUL-INIT-PROC (win); 
return; 



SIMUL-INIT-PROC (win: class g2-window) 
SW = the subworkspace of INITIALIZATION-PANEL; 
call SEND-NO-INPUT-MESSAGES (win); 
if there exists a sd-br-list upon SW then 
for NL = each sd-br-list upon SW do 
delete NL; 

create a sd-br-list UNL; conclude that the label of UNL = "UNList"; 
create a sd-br-list ANL; conclude that the label of ANL = "ANList"; 
create a sd-br-list RNL; conclude that the label of RNL = "RNList"; 
create a sd-br-list DNL; conclude that the label of DNL = "DNList"; 
for BR = each bioreservoir do ' 
if BR has a name then 

SD = the scaling-density of the biopool upon the subworkspace of BR; 

if the set-by-user of SD is true then insert BR at the end of the bioreservoir list UNL 

else call SET-SCALING-DENSITY-PROC (BR, ANL, RNL, DNL) 
transfer UNL to SW at (- 130, -235); 
transfer ANL to SW at (- 80, -235); 
transfer RNL to SW at (60, -235); 
transfer DNL to SW at (110, -235); 

inform the operator that The setting of the scaling-density of all bioPools has been concluded"; 
change the size of SW to minimum; 
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SEND-NO-INPUT-MESSAGES (win: class item) 
for BR = each bioreservoir do 
exit if BR has no name; 

PO «■ the biopool upon the subworkspace of BR; 

if not (there exists a bioproduct connected to PO) and not (there exists a model-block M connected to 
PO) then 

create a message-dialog md, change the text of the message upon theSW of md to The bioPool of [the 
name of BR] has no input H! To model an input source: 1. Select "create sw' from the menu of the 
scaled-input-model-boxor the input-model-box of this bioPool, as desired, 2. Add / connect / 
configure an appropriate model-block" and show the SW of md on the current window at (0, 0); 

change the text of the callback of the text-pushbutton upon the subworkspace of md to "DELETE- 
DIALOG-CALLBACK"; 



SET-SCAUNG-DENSITY-PROC (BR: class bioreservoir, ANL: class sd-bHist, RNL: class sd-br-list, 

DNL: class sd-br-list) 
PO = the biopool upon the subworkspace of BR; 
SDE = the scaling-density of PO; 
if the if-scaling-amount of BR /=100 then 
insert BR at the end of the bioreservoir list ANL; 
sa = the if-scaling-amount of BR; 

change the text of the initial-value of the scaling-density of PO to "{sa] M ; 
make the scaling-density of PO permanent; 

if the if-scaling-bioreservoir of BR is not none then go to conflict-routine; 
else 

if the if-scaling-bioreservoir of BR is not none then 
insert BR at the end of the bioreservoir list RNL; 

sr = the if-scaling-amount of the bioreservoir named by the if-scaling-bioreservoir of BR; 
change the text of the initial-value of the scaling-density of PO to "[sr]"; 
make the scaling-density of PO permanent; 
else 

if the if-scaling-amount of BR =100 then 

insert BR at the end of the bioreservoir list DNL; 

change the text of the initial-value of the scaling-density of PO to "100.0"; 

make the scaling-density of PO permanent; 
return; 

conflict-routine: 

sr = the if-scaling-amount of the bioreservoir named by the if-scaling-bioreservoir of BR; 

if sa /= sr then inform the operator that The attributes if-scaling-amount and if-scaling-bioreservoir of 
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|the name of BR] have both values, which provide two conflicting scaling-density values for its 
bioPooi: [sa] and (sr), respectively. The initial value of scaling-density has been set to [sal but it is 
recommended that the conflict is resolved, and this value changed if desired."; 
return; 



TABLE 190 



an user-menu-choice 
Label simul-partel 
Applicable dass bioreservoir 

Condition the item has a name and the subworkspace of the item exists 

Action start CREATE-INPLrT-TYPE-CALLBACK (the item, this window) 



an user-menu-choice 
Label simul-partel 
Applicable class biopool 

Condition the bioreservoir superior to the workspace of the item has a name 

Action start CREATE-INPUT-TYPE-CALLBACK (the bioreservoir superior to the 

workspace of the item, this window) 



an user-menu-choice 
Label simul-panel 
Applicable class biorole-object 

Condition the btopost connected to the item has a name 

Action start CREATE-INPUT-TYPE-CALLBACK (the bioreservoir named by the 

ref-bioreservoir of the biopost connected to the item, this window) 



CREATE-INPUT-TYPE-CALLBACK (BR: class bioreservoir, win: class window) 
WS = the subworkspace of BR; 
BRN: symbol = the name of BR; 

if not (there exists a bioprocess that is a-down-bioprocess-of BR) then 
go to exit-routine; 
activate the subworkspace of BR; 
PO = the biopool upon WS; 

call CREATE-DOWNSTREAM-LISTS-PROC (BR, win); 
if PO is a sol-mol-pool or PO is a exp-cell-pool then 

panel = call clone-panel (SIMUL<:ON<^hrTRATI0^1NPlJr-TYPE-PANEL); 

SW = the subworkspace of panel; 

call SET-RADIO-BOX-ID-PROC rsimul-conc", nBRNl-r^UT-TYPE-radio-box^SW, win); 
eise 
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panel = call done-panel (SIMUL-DENSrTY-INPUT-TYPE-PANEL); 
SW = the subworkspace of panel; 

call SET-RADIO-BOX-ID-PROC ("simul-density", "|BRN]-INPUT-TYPE-radio-box", SW, win); 
create a panel-text FT; 

change the text of FT to "INPUT TYPE FOR: [BRNJ"; 

transfer FT to SW at (0, 110); 

change the size of SW to minimum 

change the text of the related-item of panel to "(BRNJ"; 

show SW on win at the center of the screen; 

return; 

exit-routine .. . 

md = call create-message-dialog ("md", "There is no down-bioprocess-of [the name of BR]", the 

symbol extra-large, win, 0, 0); 
return; 



CREATE -DO WNSTREAM-LISTS-PROC (BR: class bioreservoir, win: class window) 
if there exists a downstream-bioprocesses-list that is the-downstream-bioprocesses-list-of BR then 
for DBPL = each bioprocesses-Hst that is the-downstream-bioprocesses-list-of BR do 
delete DBPL; 

if there exists a downstream-bioreservoirs-list that is the-downstream-bioreservoirs-list-of BR then 
for DBRL = each downstream-bioreservoirs-list that is the-downstream-bioreservoirs-list-of BR do 
delete BRL; 

if there exists an up-bioreservoirs-list that is the-up-bioreservoirs-Jist-of BR then 
for UBRL = each downstream-bioreservoirs-list that is the-downstream-bioreservoirs-list-of BR do 
delete UBRL; 
allow other processing; 
create a downstream-bioreservoirs-list DBRL; 
conclude that DBRL is the-downstream-bioreservoirs-list-of BR; 
transfer DBRL to the subworkspace of safe-home-for-lists; 
create a downstream-bioprocesses-list DBPL; 
conclude that DBPL is the-downstream-bioprocesses-list-of BR; 
transfer DBPL to the subworkspace of safe-home-for-lists; 
create an-up-bioreservoirs-list UBRL; 
conclude that UBRL is the-up-bioreservoirs-list-of BR; 
transfer UBRL to the subworkspace of safe-home-for-lists; 
call FILL-BR-DO WNSTREAM-LISTS-PROC (BR, DBRL, DBPL, DBRL, win); 
return; 
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SELECT-INPUT-PANEL-CALLBACK (button: class button, win : class window, dig: class dialog) 
BRN = the related-item of dig; 
BR = the bioreservoir named by BRN; 
WS = the subworkspace of dig; 

rb-id = call GET-RADIO-BOX-ID-PROC fsimul-seleetion", WS, win); 
type = call get-radio-box-value (dig, rb-id); 
call delete-dialog (dig); 

md = call create-message-dialog ("md", Trocessing ", the symbol extra-large, win, 0, 0); 

case (type) of 

■one-time-concentration": panel = call CREATE-CONC-INPUT-PANEL-PROC (BR, win); 
-one-time-density": panel = call CREATE-DENSTTY-INPUT-PANEL-PROC (BR, win); 
"one-time-relative": panel = call CREATE-RELATIVE-INPUT-PANEL-PROC (BR, win); 
"periodic-concentration": panel = call CREATE-PERIODIC-CONC-INPUT-PANEL-PROC (BR, win); 
"periodic-density": panel = call CREATE-PERIODIC-DENSITY-INPUT-PANEL-PROC (BR, win); 
"periodic-relative": panel = call CREATE-PERIODIC-RELATIVE-INPUT-PANEL-PRCX: (BR, win); 
make panel permanent; 

change the text of the related-item of panel to "[BRN]"; 
SW = the subworkspace of panel; 

if there exists a text-pushbutton de upon SW such that (the id of de = "de") then . 

change the text of the callback of de to "DELETE-ENTRY-PANEL-CALLBACK"; 
change the size of SW to minimum 
show SW on win at the center of the screen; 
return panel; 
delete md; 
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COMPLETE-INPUT-PANEL-PROC (BR: dass bioreservoir, panel: class entry-panel, win : class window) 
(class entry-panel) 

SW = the subworkspace of panel; 

BRN = the name of BR; 

create a text-list PSML; 

for DBP = each bioprocess that is a-down-bioprocess-of BR do 
for DBM = each biomodel that is the-container-of-bp DBP do 
if DBM is not a bioreservoir-bin then 
insert "[the name of DBM)" at the end of the text list PSML; 
sa = call create-scroll-area-from-list fselect-biomodel -scroll", 5, PSML, panel, 400, 180); 
conclude that the allow-unselect -on-selected-message of sa is true; 
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conclude that the allow-multiple-simultaneous-selections of sa is true; 

conclude that the allow-multiple-simultaneous-sjlections of sa is true; 

change the text of the uil-mes sage-selection-method to "message-selection"; 

change the text of the uil-message-unselection-method to "message- unselection"; 

if there exists a text-pushbutton de upon SW such that (the id of de = "de") then 

change the text of the callback of de to "DELETE-ENTRY-PANEL-CALLBACK"; 
change the size of SW to minimum; 
show SW on win at the center of the screen; 
return panel; 
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CREATE-PERIOD1C-RELATWE-INPUT-PANEL-PROC (BR: class bioreservoir, win: class window) = 

(class entry-panel ) 
BRN = the name of BR; 

panel = call clone-panel (MASTER-PERJODIC-REIATTVE-ENTRY-PANEL) ; 

SW = the subworkspace of panel; 

create a panel-text FT and transfer FT to SW at (-20, 380); 

change the text of the id of panel to lBRN)-periodic-relative-entry-paner; 

change the text of FT to "1 PERIODIC RELATIVE INPUT FOR: [BRIM]"; 

ac call create-pushbutton ("ac", the symbol ACTWATE-RELATIVE-INPIJT-CALLBACK, "ACTIVATE", 

panel, 490, 65); 
disable ac; 

st = call create-pushbutton ("st", the symbol START-FERIODIC-RELATTVE-INPUT-CALLBACK, 

"START", panel, 140, 65); 
disable st; 
return panel; 
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FlLL-BR-LX)WNSTREAM-USTS-PROC (BR class bioreservoir, DBRL class downstream-bioreservoirs 
list, DBPL class downstream-bioprocesses-list, UBRL: class up-bioreservoirs-list, win: class window) 
insert BR at the end of the bioreservoir list DBRL; 

if there exists a bioreservoir DBR such that (DBR is a-downstream-bioreservoir-of BR) then 

for DBR = each bioreservoir that is a-downstream-bioreservoir-of BR do 
insert DBR at the end of the bioreservoir list DBRL; 
if there exists a bioprocess DBP such that (DBP is a-down-bioprocess-of BR) then 

for DBP = each bioprocess that is a-down-bioprocess-of BR do 
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insert DBP at the end of the bioprocess list DBPL; 

if there exists a bioprocess D5BP such that (DSPP is a-downstream-bioprocess-of DBP) then 
for DSBP = each bioprocess that is a-downstream-bioprocess-of DBP do 
insert DSBP at the end of the bioprocess list DBPL; 
for FDBP = each bioprocess in DBPL do 
allow other processing; 

if there exists a bioreservoir that is an-up-bioreservoir-of FDBP then 
for UBR = each bioreservoir that is an-up-bioreservoir-of FDBP do 

if not (there exists a bioreservoir DBR in DBRL such that (DBR is the same object as UBR)) then 

insert UBR at the end of the bioreservoir list UBRL; 

return; 



TABLE 195 

UST-SIMUL-CALLB AC K (button: class button, win: class window, panel: class entry-panel) 
SW = the subworkspace of panel; 
SA = the scroll-area upon SW; 

if not (there exists an uil-message-object that is a-selected-message-of SA) then 
go to TKxntry-routihe; 
BRN - the related-item of dig; 
BR = the bioreservoir named by BRN; 

DBRL = the downstream-bioreservoirs-list that is the-downstream-bioreservoirs-list-of BR; 
DBPL = the downstream-bioprocesses-list that is the-downstream-bioprocesses-list-of BR; 
UBRL = the up-bioreservoirs-list that is the-up-bioreservoirs-list-of BR; 
create a bm-downstream-bp-simulation-list CDBPL; 
create a down-br-simulation-list CDBRL; 
create an up-br-simulation-list CUBRL; 

call READ-SCROLL-PROC (DBRL, DBPL, UBRL, CDBRL, CDBPL,CUBRL,win,dlg); 
transfer CDBPL to SW at (395, 70); 
transfer CDBRL to SW at (-35, 69); 
transfer CUBRL to SW at (53, 69); 

if there exists a text-pushbutton de upon SW such that (the id of de = "de") then disable de; 

disable button; 

return; 

no-entry-routine: 

md = call uil-create-message-dialog find", "No bioModel has been selected for this simulation. Click on 

the ? button for help, follow the instructions and dick on LIST again", win, 0, 0); 
return; 
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READ-SCROLL-PROC (DBRL class dowretream-bioreservoirs-tist, DBPL: class downstream - 
bioprocesses-Iist, UBRL class up-bioreservoirs-list, CDBRL: dass down-br-simulation-list, CDBPL class 
bm-downstream-bp-simulation-list, CUBRL class up-br-simulation-list, win: dass window, panel: class 
entry-panel) 

SW = the subworkspace of panel; 
M = the model-definition upon SW; 
BRN = the related-item of panel; 
ST, SBTM = text; 
n: integer = 0; 

scroll-array = call get-selected-message (paneL"select-biomodel-scrolP); 
for ST = each text in scroll-array do 

BMN ■= symbol (ST); 

BM = the biomodel named by BMN; 

conclude that BM is A-SIMULATED-BM-OF M; 

n = n + 1; 

if n = 1 then SBMT = ST else 

if n > 1 then SBMT = "(SBMT], (ST1"; 

show the SW of BM at three-quarter scale with its top right corner 40 units below the top right corner 
of the screen; 

for DBR = each bioreservoir in DBRL do 

if DBR is BR-CONTAINED-IN BM then insert DBR at the end of the bioreservoir list CDBRL; 
conclude that the lenght of CDBRL - the number of elements in CDBRL; 
for DBP = each bioprocess in DBPL do 

if DBP is BP-CONTAINED-IN BM then 

insert DBP at the end of the bioprocess list CDBPL; 
conclude that the lenght of CDBPL = the number of elements in CDBPL; 
for UBR = each bioreservoir in UBRL do 

if UBR is BR-CONTAINED-IN BM then insert UBR at the end of the bioreservoir list CUBRL; 
conclude that the lenght of CUBRL = the number of elements in CUBRL; 
change the text of the jtems-belonging-to-this-model of M to "[SBMT]"; 
change the name of CDBPL to symbol ("BPs-downstream-oHBRN]-withm-[SBMTr); 
change the name of CDBRL to symbol fBRs-downstream-of-tBRN]-within-[SBMT]"); 
change the name of CUBRL to symbol ("up-BRs-oHBRN]-within-(SBMTr); 
conclude that the ref-biomodel of CDBPL = "(SBMT]"; 

if there exists a text-pushbutton ac upon SW such that (the id of ac = *ac ") then enable ac; 
return; 
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ACITVATE-SIMULATION-PROC (win: class window, panel: class entry-panel) 
SW = the subworkspace of panel; 

DBPL = the bm-downstream -bp-simulation-list upon SW; 
DBRL = the down-br-simulation-list upon SW; 
UBRL = the up-br-simulation-list upon SW; 
M = the model-definition upon SW; 

BCB = the subworkspace of the c -basal-density-source-tracer upon SW; 

User-BC = the user-be-br-tist upon BCB; 

call BM-OF-MODEL-PROC (M); 

call ACnVATE-MODEL-PROC (DBPL, DBRL, UBRL); 

change the text of the free-text upon BCB to "Sources of values for Basal 

Concentration within: [the text of the items-belong ing-to-this-model of MJ"; 
for DBR = each bioreservoir in DBRL do 

allow other processing; 

PO = the biopool upon the subworkspace of DBR; 

if the basal-density of PO /= 9.9e-99 then insert DBR at the end of the bioreservoir list User-BC 
else call BASAL-DENSITY-PROC (DBR, panel); 
for UBR = each bioreservoir in UBRL do 
allow other processing; 

PO = the biopool upon the subworkspace of UBR; 

if the basal-density of PO /= 9.9e-99 then insert UBR at the end of the bioreservoir list User-BC 
else call BASAL-DENSTTY-PROC (UBR, panel); 
if there exists a text-pushbutton st upon SW such that (the id of st = "st ") then disable st ; 
return; 
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ACnVATE-SIMULATlON-PROC (win: class window, panel: class entry-panel) 
SW = the subworkspace of panel; 
DBPL - the bm-downstream -bp-simulation-list upon SW; 
DBRL = the down-br-sirnulation-Iist upon SW; 
UBRL = the up-br-simulation-tist upon SW; 
M = the model-definition upon SW; 

BCB = the subworkspace of the c -basal -density-source-tracer upon SW; 

User-BC = the user-bc-br-list upon BCB; 

call BM-OF-MODEL-PROC (M); 

call ACTTVATE-MODEL-PROC (DBPL, DBRL, UBRL); 

change the text of the free-text upon BCB to "Sources of values for Basal 
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Concentration within: [the text of the items-belonging-to-this-model of M]"; 

for DBR = each bioreservoir in DBRL do 

allow other processing; 

PO = the biopool upon the subworkspace of DBR; 

if the basal-density of PO /= 9.9e-99 then insert DBR at the end of the bioreservoir list User-BC 
else call BASAL-DENS1TY-PROC (DBR, panel); 
for UBR = each bioreservoir in UBRL do 
allow other processing; 

PO ~ the biopool upon the subworkspace of UBR; 

if the basal-density of PO /= 9.9e-99 then insert UBR at the end of the bioreservoir list User-BC 
else call BASAL-DENSITY-PROC (UBR, panel); 
if there exists a text-pushbutton st upon SW such that (the id of st ="st ") then disable st ; 
return; 



BM-OF-MODEL-PROC, (M: class model-definition) 
if there exists a biomodel BM such that (BM is A-SIMULATED-BM- OF M) then 
for BM = each biomodel that is A-SIMULATED-BM-OF M do 
change the status-color icon-color of BM to brown; 

if there exists a biomodel BM1 such that (BM1 is BM-CONTAINED-BM BM) then 
for BM1 = each biomodel that is BM-CONTAINED-DM BM do 
allow other processing; 

conclude that BM1 is A-SIMULATED-BM-OF M; 
change the status-color icon-color of BM1 to brown; 
return; 



TABLE 199 



ACnVATE-MODEL-PROC (DBPL: class downstream-bp-simulation-list, 
DBRL class down-br-simulation-list, UBRL class up-br-simulation-list) 
for DBP = each bioprocess in DBPL do 

allow other processing; 

activate the subworkspace of DBP; 

change the status-color icon-color of DBP to brown; 

conclude that the status of DBP is downstream-activated; 
for DBR = each bioreservoir in DBRL do 

allow other processing; 

activate the subworkspace of DBR; 

change the status-color icon-color of DBR to brown; 

conclude that the status of DBR is downstream-activated; 

for UBR = each bioreservoir in UBRL do 
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allow other processing; 

exit if the status of UBR is downstream-activated; 
activate the subworkspace of UBR; 
change the status-color icon-color of UBR to brown; 
conclude that the status of UBR is back-activated; 
return; 
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B AS A L-DENSITY-PRO C (BR: class bioreservoir, dig: class item) 
PO = the biopool upon the SW of BR; 
BC = the basal-density of PO; 
top = the top-container that is tke-amtainer-tf-br BR; 
conclude that the volume of top = the volume of top; 
BCB = the SW of the basal-density-source-tracer upon the SW of dig; 
if BR is a sol-mol-reservoir then: 
NBC = the normal-basal-concentration of BR; 
ifNBC/=9.9e-99then 
conclude that the basal-density of PO = NBC • 6.023e23 • the volume of top; 
insert BR at the end of the NBC-bc-br-list upon BCB; 
return; 
else go to main-routine; 
else 

NBD = the normal-basal-density of BR; 
if NBD /■ 9.9e-99 then 
conclude that BC = NBD; 

insert BR at the end of the NBD-bc-br-list upon BCB; 
return; 

else go to main-routine; 
main-routine: 
if the scaling-density of PO = 99.999 then: 

insert BR at the end of the no-bc-br-list upon BCB; 

return; 
else 

AK « the scaling-density of PO; 
if the scaled-basal-amount of BR /= 9.9e-99 then: 

conclude that BC * SBA • AK; 

insert BR at the end of the SBA-bc-br-list upon BCB; 

return; 
else. 
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case the physiol-abundance of BR is 
highest: conclude that BC = 1.0 * AK; 
abundant conclude that BC = 0.9 * AK; 
steady-state conclude that BC = 05 * AK; 
low-induced: conclude that BC = 0.1 * AK; 
only-induced: conclude that BC = 1.0e-9 • AK; 
insert BR at the end of the pab-bc-br-Hst upon BCB; 
return 
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START-CONC-INPUT-CALLBACK (button: class button, win: dass window, dig: class dialog) 
PO = the biopool upon the subworkspace of the bioreservoir named by the related-item of dig; 
top = the top-container that is the-container-of-br the bioreservoir named by the related-item of dig; 
define two local float values V and EV, two quantity values t and incr, and one integer value ET; 
set t = the current-simulation-time of dig; 
set incr = the current-simulation-time-increment of dig; 

set V equal to the quantity extracted from the value of the edit-box upon dig which id is "conc-entry- 
value"; 

set EV = V (molar) * 6.023e23 |molecules/literJ • the volume {liters per top-container) of top; 
disable button; 

set ET equal to the quantity extracted from the value of the edit- box upon dig which id is "entry-time"; 

call START-SIMULATION-PROC (win, dig); 

wait until t >= ET checking every 1 second; 

conclude that the density-entry of PO = EV; 

wait until t >= ET + incr checking every 1 second; 

conclude that the density-entry of PO = 0.0; 

if t > ET + incr then return 



START -DENSITY-INPUT-CALLBACK (button: class button, win: class window, dig: class dialog) 
PO = the biopool upon the subworkspace of the bioreservoir named by the related-item of dig; 
define a local float value EV, two quantity values t and incr, and an integer value ET; 
set t = the current-simulation-time of dig; 
set incr « the current-simulation-time-increment of dig; 

set EV equal to the quantity extracted from the value of the edit-box upon dig which id is "density- 
entry-value"; 
disable button; 

set ET equal to the quantity extracted from the value of the edit-box upon dig which id is "entry-time"; 
call START-SIMULATION-PROC (win, dig); 
watt until t >= ET checking every 1 second; 
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conclude that the density-entry of PO = EV; 
wait until t >= ET + incr checking every 1 second, 
conclude that the density-entry of PO = 0.0; 
if t > ET + incr then return 



START-RELATIVE-INPUT-CALLBACK (button; class button, win: class window, dig: class dialog) 
BR = the bioreservoir named by the related-item of dig; 

PO = the biopool upon the subworkspace of the bioreservoir named by the related-item of dig; 

define a local float EV, two quantities t and incr, and an integer ET; 

set t s the current-simulation-time of dig; 

set incr = the current-simulation-time-increment of dig; 

set EV equal to the quantity extracted from the value of the edit-box upon dig which idis "factor-entry- 
value"; 
disable button; 

set ET equal to the quantity extracted from the value of the edit-box upon dig which id is "entry-time"; 

call START-SMUIATION-PROC (win, dig); 

wait until t >= ET checking every 1 second; 

conclude that the scaled-entry of PO = EV; 

wait until t >= ET + incr checking every 1 second; 

conclude that the scaled-entry of PO = 0.0; 

if t > ET + incr then return 
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START-PERIODIC-CONC-INPUT-CALLBACK (button: class button, win: class window, dig: class 
dialog) 

PO = the biopool upon the subworkspace of the bioreservoir named by the related-item of dig; 
define two local float s V and EV, two quantities t and incr, and four integers ET, EI, EF, and n; 
set t = the current-simulation-time of dig; ' 
set incr = the current-simulation-time-increment of dig; 

set V equal to the quantity extracted from the value of the edit-box upon dig which id is "conc-entry- 
value"; 

set EV = V {molar} * 6.023e23 {molecules/liter| • the volume {liters per top-container) of top; 
disable button; 

set ET equal to the quantity extracted from the value of the edit-box upon dig which id is "entry-time"; 
set EF equal to the quantity extracted from the value of the edit-box upon dig which id is "entry- 
frequency"; 

set EI equal to the quantity extracted from the value of the edit-box upon dig which id is "entry- 
interval"; - 
call START-SIMULATION-PROC (win, dig;; 

300 



W0 96/22S75 PCT/US96/00883 
wait until t >= ET checking every 1 second; 
conclude that the density-entry of PO = EV; 
wait until t >= ET + incr checking every 1 second; 
conclude that the density-entry of PO «* 0.0; 
for n = 1 to EF - 1 do 

wait until t >= ET + EI • n checking every 1 second; 

conclude that the density-entry of PO = EV; 

wait until t >= ET + EI * n + incr checking every 1 second; 

conclude that the density-entry of PO = 0.0; 

ift>ET + EI*n + incr then return; 
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START-SIMULATION-PROC (win: class window, panel: dass entry-panel) 
M = the model-definition upon the subworkspace of panel; 
BRN: symbol = the related-item of panel; 

if there exists a text-pushbutton pa upon SW such that (the id of pa - "pa ") then enable pa ; ' : ' ' 
call start-model (M); 

if the model-simulation-status of M is running then 
sd = call uil-create-message-dialog ("sd", The simulation starting fronA [BRN] and within [the text of 
the items-belonging-to-this-model of M) has started at [the current time as a time stamp]", win, 0, 0); 
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MODEL-SIMULATION-PROC () 
M = call g2-get-current-model-definition 0; 
if the item superior to the workspace of M is a entry-panel then 
EP - the entry-panel superior to the workspace of M; 
conclude that the current-simulation-time of EP is equal to the model- 
simulation-time of M; 
conclude that the current-simulation-time-increment of EP is equal to the 
model-simulation-time-increment of M; 
{if attribute-x >= y then 
call g2-set-model-simulation-time (M, n); 
call g2-set-model-simulation-time-increment (M, m);| 
{if attribute-x2 >= y2 then 
Z2, n2, m2 = call cont-model-proc (attribute-x2); 
call g2-set-model-simulation-time (Z2, n2); 
call g2-set-model-simulation-time-increment (22, m2); 
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COMPUTE -GRAPH-TRANSFORMS-PROC 0 
GT: class graph-tracer; 
SW: class kb-workspace; 
TF: class transf-factor-var; 
T: class graph-transf-var; 
C: class variable-or-parameter; 
for each graph-tracer GT do 

if there is a bionode-object BO connected to GT and GT has a SW then 
for each transf-factor-var TF upon SW do 
if BO is a biopool then 
case the class of TF of 
scaled-conc-transf-facton C = the scaled-amount of BO; 
input-transf-factor : C = the input-rate of BO; 
output-transf -factor : C = the output-rate of BO; . 
accum-transf -factor : C = the accumulation-rate of BO; 
density-transf-factor : C = the density of BO; 
else if BO is a bioengine and the transf-factor-var upon SW is a velocity-transf-factor then 
C = the velocity of BO; 
conclude that the transform of TF - 

(if C <= 1.0e-9 then C » 1.0e9 else (if C <= 1.0e-8 then C • 1.0e8 else 
(if C <= 1.0e-7 then C * 1.0e7 else (if C <= 1.0e-6 then C * 1.0e6else 
(if C <= 1.0e-5 then C • 1.0e5 else (if C <= 1.0e-4 then C » 1.0e4 else 
(if C <= 1.0e-3 then C * 1.0e3 else (if C <= 1.0e-2 then C * 1.0e2 else 
(if C <= 1.0e-l then C • l.Oel else (if C <= 1.0 then C * 1.0 else 

(if C <= l.Oel then C • 1.0e-l else (if C <= 1.0e2 then C * 1.0e-2 else (if C <= 1.0e3 then C * 1.0e-3 
else (if C <= 1.0e4 then C * l.Oe-4 else (if C <= 1.0e5 then C • 1.0e-5 else (if C <= 1.0e6 then C • 1.0e-6 
else (if C <= 1.0e7 then C'1.0e-7 else (if C<=1.0e8 then C*l^)e-8 else (if C<= 1.0e9 then C » 1.0e- 
9 else (if C <= l.OelO then Cl.Oe-lOetse (if C <= LOellthen C*1.0e-ll else (if C<=1.0el2 then C*l.0e- 
12 else (if C<=1.0el3 then C •1.0e-13 else (if C<=1.0el4 then Cn.0e-14 else (if C<=1.0el5 then 
C*1.0e-15 else (if C<= 1.0el6 then C*1.0e-16 else (if C<=1.0el7 then C*1.0e-17 else (if C<=1.0el8 then 
CM.0e-18else (if C<=1.0el9 then C*1.0e-19 else 1.0e20))))))))))))))))))))))))))})); 
conclude thatTF = 

(if C <= 1.0e-9 then 1.0e9 else (if C <= 1.0e-8 then 1.0e8 else 

(if C <= 1.0e-7 then 1.0e7 else (if C <= 1.0e-6 then 1.0e6 else — 

(if C <= 1.0e-5 then 1.0e5 else (if C <= 1.0e-4 then 1.0e4 else 
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(if C <= 1.0e-3 then 1.0e3else (if C <= 1.0e-2 then 1.0e2 else 
(if C <= l.Oe-1 then 1.0el else {if C <= 1.0 tnen 1.0 else 
(if C <= l.Oel then l.Oe-1 else (if C <= 1.0e2 then l.Oe-2 else 
(if C <= 1.0e3 then 1.0e-3 else (if C <= 10e4 then 1.0e-4 else 
(if C <= 1.0e5 then l.Oe-5 else (if C <= 1.0e6 then 1.0e-6 else 
(if C <= 1.0e7 then 1.0e-7 else (if C <= 1.0e8 then l.Oe-8 else 
(if C <= l-0e9 then 1.0e-9 else (if C <= l.OelO then l.Oe-10 else 

(if C <= 1-Oell then l.Oe-11 else (if C<= 1.0el2 then 1.0e-12else (if C <= 1.0el3then 1.0e-13 
else (if C <= 1 -0el4 then 1.0e-14 else (if C <■= 1.0el5 then l.Oe-15 else (if C <= 1.0el6 then 1.0e-16 else 

(if C <= 1.0el7 then 1.0e-17 else (if C <= 1.0el8 then 1.0e-18 else (if C <= 1.0el9 then l.Oe-19 
elsel.0e20))))))))))))))))))))))))))))) 
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PAUSE-SIMULATION-CALLBACK (button: class uil-button, wire class window, panel: class entry-panel) 
SW = the workspace of button; 
M = the model-definition upon SW; 
call g2-pause-model (M); 

if there exists a text-pushbutton rm upon SW such that (the id of rm ="rm") then enable rm ; 
disable button ; 

RESUME-SIMULATION-CALLBACK (button: class uil-button, win: class window, 
panel: class entry-panel) 

SW o the workspace of button; 

M = the model-definition upon SW; 

call g2-resume-model (M); 

if there exists a text-pushbutton pa upon SW such that (the id of pa ="pa ") then enable pa ; 
disable button; 
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an user-menu-choice 
Label show-s.graph 
Applicable class bioreservoir 

Condition the subworkspace of the scaled-br-graph-tracer upon the subworkspace of the item 

does not exist 

Action in order 

start SCALED-BR-TRANSF-GRAPH-PROC (the scaled-br-graph-tracerupon the 

subworkspace of the item, this window) and 

303 



W 96/22575 PCT7US96/0088? 
create a min-rev-display T and 
change the text of T to "G" and 

transfer T to the workspace of the item at (middle-x (the item) - 29, middle-y (the item) + 6) 

SCALED-BR-GRAPH-PROC (tracer class seal ed-br-graph- tracer, win: class window } 
BR = the bioreservoir superior to the workspace of tracer; 
if the subworkspace of tracer exists then 

show the subworkspace of tracer on Win with its top right corner 35 units below the top right 
corner of the screen 
else 

create a workspace SW by cloning the subworkspace of SCALED-BR-TRANSF-GRAPH-MASTER; 
G = the graph upon SW; 

change the text of the label-to-display of G to "(the name of BR]"; 
change the size of SW to minimum; 

show SW on Win with its top right corner 35 units below the top right corner of the screen; 
make SW the subworkspace of tracer; 
for TF = each transf-factor-var upon SW. do 
change the text of the ref-variable of TF to "(the name of BR]"; 
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a velocity-transf-factor 



Options 


do not forward chain, breadth first backward chain 


Names 


none 


Tracing and breakpoints 


default 


Data type 


float 


Initial value 


0.0 


Last recorded value 


0.0, valid indefinitely 


History keeping spec 


keep history with maximum number of data points = 3 


Validity interval 


supplied 


Formula 


none 


Simulation details 


no simulation formula yet 


Initial value for simulation 


default 


Data server 


inference engine 


Default update interval 


3 seconds 


Transform 


0.0 


Ref variable 


none 


Label 


velocity 


X 


x — 
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an user-menu-choice 

Label hide-s.graph 
Applicable class bioreservoir 

Condition the subworkspace of the scaled-br-graph-tracer upon the subworkspace of the item exists 

Action in order 

delete the subworkspace of the scaled-br-graph-tracer upon the subworkspace of the item 

and delete the min-rev-display nearest to the item 
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RESET-SIMULATION-CALLBACK (button: class uil-button, win: class window, panel: class entry-panel) 
M = the model-definition upon the workspace of button; 
call g2-reset-model (M); 

conclude that the current-simulation-time of dig = 0.0; 

conclude that the current-simulation-time-increment of dig = 0.0; 

call RESET-PROCfM, dig); 
allow other processing; 

if there exists a text-pushbutton st upon SW such that (the id of st = ") then disable st ; 

if there exists a text-pushbutton pa upon SW such that (the id of pa = "pa") then disable pa; 
if there exists a text-pushbutton rm upon SW such that (the id of rm = "rm") then disable rm; 
if there exists a text-pushbutton de upon SW such that (the id of de = "de") then disable de; 

RESET-PROC (M: class model-definition, panel: class entry-panel) 
SW = the subworkspace of panel; 

if there exists a biomodel that is A-STMULATED-BM-OF M then 
for BM = each biomodel that is A-SIMULATED-BM-OF M do 
allow other processing; 

change the status-color icon-color of BM to mediumnaquamarine; 
conclude that BM is not A-SIMULATED-BM-OF M; 
if there exists a bm-downstream-bp-simulation-list CDBPL upon SW then 
for DBP = each bioprocess in CDBPL do 
allow other processing; 

change the status-color icon-color of DBP to slate-blue; 
conclude that the status of DBP is available; 
deactivate the subworkspace of DBP; 
delete DBPL; 
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if there exists a down-br-simulation-list CDBRL upon SW then 
for DBR = each bioreservoir in CDBRL do 
allow other processing; 
deactivate the subworkspace of DBR; 

change the status-color icon-color of DBR to medium-aquamarine; 
conclude that the status of DBR is available; 
delete CDBRL; 
if there exists a up-br-simulation-list UBRL upon SW then 
for UBR = each bioreservoir in UBRL do 
allow other processing; 
deactivate the subworkspace of UBR; 

change the status-color icon-color of UBR to medium-aquamarine; 
conclude that the status of UBR is available; 
delete UBRL; 
allow other processing; 

if there exists a text-pushbutton Is upon SW such that (the id of Is = Is") then enable Is; 
if there exists a text-pushbutton ac upon SW such that (the id of ac = "ac") then disable ac; 
return 
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ALT-CREATE-CONC-INPUT-PANEL-PROC (BR: class bioreservoir, win : class window) = (class entry- 
panel ) 

panel = call done-panel (MASTER-ALT-CONCE^ ^ TRATION-F2^^^RY-PANEL); . 
SW = the subworkspace of panel; 

change the text of the user-restrictions of SW to "unless in uil-build mode: 
menu choices for workspace include: hide-workspace, shrink-wrap; 

non-menu choices for kb-workspace include scale-workspace, show-workspace, move-workspace, 
move-workspaces-beyond-window-margin; 

attributes visible for kb-workspace include nothing"; 
create a panel-text FT; 
transfer FT to SW at (-20, 300); 

change the text of the id of panel to "{BRN]-conc-entry-panel"; 

change the text of FT to "1. CONCENTRATION INPUT FOR; [the name of BRI"; 

st = call create-pushbutton ("st", the symbol ALT-START-CONC-INPUT-CALLBACK,"START", panel, 

138,60); 
disable st; 
return panel; 
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ALT-LIST-SIMIJL-CALLBACK (button: class button, win: class window, panel : class entry-panel ) 
SA = the uil-scroll-area upon the subworkspace of dig; 
BR = the bioreservoir named by the related-item of dig; 

BRL= the downs tr earn -bioreservoirs-list that is the-downstream-bioreservoirs-list-of BR; 

BPL ~ the downs tream-bioprocesses-list that is the-downstream-bioprocesses-list-of BR; 

if not (there exists an uil-message-object that is a -select ed-message-of SA) then go to no-entry-routine; 

create a bm-downstream-bp-simulation-list DBFL; 

create a down-br-simulation-list DBRL; 

create an up-br-simulation-Ust UBRL; 

call ALT-READ-SCROLL-PROC (BPL, BRL, DBPL, DBRL, UBRL, in, dig); 
transfer DBPL to the subworkspace of dlgat (395, 70); 
transfer DBRL to the subworkspace of dlgat (-35, 69); 
transfer UBRL to the subworkspace of dlgat (53, 69); 

if there exists a text-pushbutton de upon the subworkspace of dlgsuch that (the id of de = "de") then 

disable de; 
disable button; 
return; 

no-entry-routine; 

md = call create-message-dialog (" md", "No bioModel has been selected for this simulation.Oick on the 

? button for help, follow the instructions and dick on LIST again", win, 0, 0); 
return; 
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ALT-READ-SCROLL-PROC (BPL class downs tream-bioprocesses-list, BRL class downstream- 
bioreservoirs-list, DBPL: class bm-downstream-bp-simulation-list, DBRL: class down-br-simulation-list, 
UBRL: class up-br-simulation-list, win: class window, panel: class entry-panel) 
scroll-array = call get-selected-message (panel, "select-biomodel-scroir); 
for ST » each text in scroll-array do 
BMN = symbol (ST); 
BM - the biomodel named by BMN; 
conclude that BM is A-SIMULATED-BM-OF M 
n = n + l; 

if n = 1 thenSBMT = ST else 

if n > 1 then SBMT = "(SBMT), JST]"; 

show the subworkspace of BM at three-quarter scale with its top right corner 40 units below the top 

right corner of the screen; _ 
for DBR = each bioreservoir in BRL do 
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allow other processing; 

if DBR is BR-CONTAINED-IN BM then insert CBR at the end of the bioreservoir list DBRL 
conclude that the lenght of DBRL = the number of elements in DBRL; 
for DBP - each bioprocess in BPL do 

allow other processing; 

if DBP is BP-CONTAINED-IN BM then insert DBP at the end of the bioprocess list DBPL; 
conclude that the lenght of DBPL = the number of elements in DBPL; 
for FDBP = each bioprocess in DBPL do 

allow other processing; 

if there exists a bioreservoir that is an-up-bioreservoir-of FDBP then 
for UBR = each bioreservoir that is an-up-bioreservoir-of FDBP do 

if not (there exists a bioreservoir DBR in DBRL such that (DBR is the same object as UBR)) then 
insert UBR at the end of the bioreservoir list UBRL; 
conclude that the lenght of UBRL = the number of elements in UBRL; 

change the name of DBPL to symbol fBPs-downstream-of-[the related-item of panel J-within-fSBMT]"); 
change the name of DBRL to symbol ("BRs-downstrearn-of-fthe related-item of par^J-within-[SBMT]"); 
change the name of UBRL to symbol("up-BRs-of-[the related-item of panel]-within-[SBMT]"); 
conclude that the ref-biomodel of DBPL = "[SBMT]"; 

if there exists a text-pushbutton dr upon SW such that (the id of dr ="dr") then enable dr; 
returrw 
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SIMUL-DRAW-DBP-CALLBACK (button: class button, win: class item, panel: class entry-panel) 
WS = the subworkspace of panel; 

DBPL = the bm-downstream-bp-sirnulation-tist upon WS; 

BR = the bioreservoir named by the related -item of panel; 

if there exists a bioprocess that is a-down-bioprocess-of BR then 

if there exists a c -neural -path- tracer upon WS then 

for NT = each c- neura 1 -pa th- tra cer upon WS do 
delete NT; 

create a c-neural-path-tracer NT by cloning master-neuro-pathway; 
transfer NT to WS at (510, 290); 
SW = the subworkspace of NT; 
BT = the biomodel-title upon SW; 

conclude that the label of BT = "[the label of BT): [the label of BR]"; 

show SW at three-quarter scale with its top left corner 50 units below the top left corner of the screen; 
call CONFIGURE-PATH-TRACER-PROC (NT, win); 

x = the x-pos upon SW; conclude that x = -300; — 
y - the y-pos upon SW; conclude that y = 20; 
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create a bioreservoir LBR by cloning BR; activate the subworkspace of LBR; 
PO = the biopool upon the subworkspace of LBR; 
create a panel-text Tl; 

change the text of TI to "[the master-bioreservoir of LBR]"; 
transfer Tl to BRW at (middle-x (PO), middle-y (PO) • 80); 
transfer LBR to SW at (x, y); 
conclude that y - y - 40; 

call SIMUL-CREATE-LOCAL-BP-PROC (BR, LBR, WS, SW, win); 
for NBP = each bioprocess upon SW do 
MBP = the bioprocess named by the master -bioprocess of NBP; 
if there exists a bioreservoir that is an-up-bioreservoir-of MBP then 
call SIMUL-CREATE-UP-LOCAL-BR-PROC (NBP, MBP, WS, SW, win); 
call ALT-ACITVATE-SIMULATION-PROC (panel, win); 
change the size of SW to minimum; 
disable button ; 

if there exists a text-pushbutton st upon SW such that (the id of st = "sf ) then disable st; 
return; 
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SIMUL-CREATE-LOCAL-BP-PROC (BR: class bioreservoir, LBR; class 
bioreservoir, WS: class workspace, SW: class workspace, win: class window) 

DBPL = the bm-downstream-bp-simulation-Hst upon WS; " ; 
x = the x-pos upon SW; y = the y-pos upon SW; 
if there exists a bioprocess that is a-down-bioprocess-of BR then 
for DBP = each bioprocess that is a-down-bioprocess-of BR do 
if DBP is a member of the bioprocess list DBPL then 

if there exists a bioprocess MBP upon SW such that (the master-bioprocess of MBP = 

the master-bioprocess of DBP ) then 
LDBP = MBP; 
go to connect-BP-routine; 
else 

conclude that x = x + 110; 

create a bioprocess LDBP by cloning DBP; 

activate the subworkspace of LDBP; 

transfer LDBP to SW at (x, y); 

r = random (3, 35); t = random (20, 76); 

create a connection connected between LBR newly locating it at right at the position given by r 

and LDBP newly locating it at top at the position given by t with direction output; 
conclude that y = y - 40; 
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call SIMUL-CREATE-LOCAL-BR-PROC (DBP, LDBP, WS, 5W, win); 
return; 
connect-BP-routine: 
for C = each connection connected to LBR do 

if there exists a connection DC connected to LDBP such that (DC is the same object as C) then return; 
t = random {20, 76); r = random (3, 35); 
p = x-rel-position (LBR, LDBP); 
ifp>0then 

create a connection of r'a« c-line connected between LBR newly locating it at right at the position 
given by r and LDBP newly locating it at bottom at the position given by t with direction output, 
with vertices 6 -60 else 
ifp<0then 

create a connection of class c-line connected between LBR newly locating it at bottom at the position 
given by t and LDBP newly locating it at left 52 with direction output, with vertices -60; 
call SIMUL-CREATE-LOCAL-BR-PROC (DBP, LDBP, WS, SW,win); 
return; 



TABLE 216 



SIMUL-CREATE-LOCAL-BR-PROC (BP: class bioprocess, LBP: class bioprocess, WS: class workspace, 
SW: class workspace, win: class window) -jtj. . . 

DBRL = the down-br-simulation-list upon WS; 

x = the x-pos upon SW; 

y = the y-pos upon SW; 

if there exists a bioreservoir that is a-down-bioreservoir-of BP then 
for DBR » each bioreservoir that isa-down-bioreservoir-of BP do 
if DBR is a member of the bioreservoir list DBRL then 

if there exists a bioreservoir MBR upon SW such that (the master-bioreservoir of MBR = the master- 
bioreservoir of DBR) then 

LDBR = MBR; 

go to connect-BR-routine; 
else 

allow other processing; 
conclude that x = x + 110; 

if x > 2400 then show SW at one-quarter scale with its top left corner 50 units below the top left 
corner of the screen else 

if x > 1400 and x < 2400 then show SW at half scale with its top left corner 50 units below the top 

left corner of the screen; 
create a bioreservoir LDBR by cloning DBR; __ 
BRW = the subworkspace of LDBR; 
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PO = the biopool upon BRW; 
create a panel-text TI; 

change the text of TI to "[the master-bioreservoir of LDBR]"; 
transfer TI to BRW at (middle-x (PO), middle-y (PO) - 80); 
change the size of BRW to minimum; 
transfer LDBR to SW at (x, y); 
r = random (3. 35); 
t = random (20, 76); 

create a connection connected between LBP newly locating it at right at the position given by r and 

LDBR newly locating it at top at the position given by t with direction output; 
conclude that y = y-40; 

call SIMUL-CREATE-LOCAL-BP-PROC (DBR, LDBR, WS, SW, win); 
return; 
connect-BR-routine 
for C = each connection connected to LBP do 

if there exists a connection DC connected to LDBR such that (DC is the same object as C) then return; 
t = random (20, 76); 
r = random (3, 35); 
p = x-rel-position (LBP, LDBR); 
if p> Othen 

create a connection of class c-line connected between LBP newly locating it at right at the position 
given by r and LDBR newly locating it at bottom at the position given by t with direction output, 
with vertices 6 -60 else 
if p<0 then 

create a connection of class c-line connected between LBP newly locating it at bottom at the position 
given by t and LDBR newly locating it at left 52 with direction output, with vertices -60; 
call SIMUL-CREATE-LOCAL-BP-PROC (DBR, LDBR, WS, SW, win); 
return 



TABLE 217 



SIMUL-CREATE-UP-LOCAL-BR-PROC (NBP: class bioprocess , MBP: class bioprocess, WS: class 
workspace, SW: class workspace, win: class window) 

UBRL = the up-br-simulation-list upon WS; 

x = the x-pos upon SW; 

y = the y-pos upon SW; 

conclude that x = the item-x-position of NBP; 

conclude that Y = the itenvy-position of NBP + 200; 

forUBR = eachbioreservoirthatisan-up-bioreservoir-ofMBPdo — 
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if UBR is a member of the bioreservoir list UBRL then 

if there exists a bioreservoir MBR upon SW surh that (the master-bioreservoir of MBR = the master- 
bioreservoir of UBR) then 

LUBR = MBR; 

go to cormect-BR-routine; 
eise 

allow other processing; 

conclude that x = x + 110; 

create a bioreservoir LUBR by cloning UBR; 

activate the subworkspace of LUBR; 

BRW = the subworkspace of LUBR; 

PO = the biopool upon BRW; 

create a panel-text TI, 

change the text of TI to "[the master-bioreservoir of LUBR]"; 
transfer TI to BRW at {middle-x (PO), middle-y (PO) - 80); 
change the size of BRW to minimum; 
transfer LUBR to SW at (x, y); 
r = random (3, 35); 
t = random (20, 76); 

create a connection connected between NBP newly locating it at bottom at the position given by 

t and LUBR newly locating it at top at the position given by t with direction output; 

conclude that y «= y - 40 
return; 
connect-BR-rourine 
for C = each connection connected to NBP do 

if there exists a connection DC connected to LUBR such that (DC is the same object as C) then return; 
t = random (20,76); 
r = random (3, 35); 
p = x-rel-position (NBP, LUBR); 
if p > 0 then 

create a connection of class c-line connected between NBP newly locating it at right at the 
position given by r and LUBR newly locating it at bottom at the position given by t with 
direction output, with vertices 6 -60 else 
ifp<0then 

create a connection of class c-line connected between NBP newly locating it at bottom at the position 

given by t and LUBR newly locating it at left 52 with direction output, with vertices -60; 
return; 
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THE-BIOPOOL-OF-R 




First class 


biopool 


Second class 


bioreactant 


I? a I gtinn nantu 

ivciciLiuii ndnu; 




UIVCIXUI ICI0UUH 




Tutut r\( rAtdtinn 




Relation is symmetric? 


no 


THE-BI0P00L-OE-P 




First class 


biopool 


Second class 


bioproduct 


Relation name 


the-biopool-of-P 


Inverse of relation 


a-bioproduct-of 


Type of relation 


one-to-many 


Relation is symmetric? 


no 
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ALT-ACTTVATE-SIMULATION-PROC (panel: class entry-panel, win: class window) 
WS = the subworkspace of panel; 
NT = the neural-path-tracer upon WS; 
SW = the subworkspace of NT; 
M = the model-definition upon WS; 

BCB = the subworkspace of the basal-density-source-tracer upon WS; 
User-BC = the user-bc-br-list upon BCB; 
simul-n = call uil-unique-id f simulation-"); 
change the name of SW to symboinslmul-nD; 

change the text of the items-bdongmg-to-this-model of M to "(the name of SW]"; 
for SBR = each bioreservoir upon SW do 
allow other processing; 

PO = the biopool upon the subworkspace of SBR; 
for PP = each biopool-post upon the subworkspace of SBR do 
for SBP = each bioprocess upon SW do 
if the master-bioprocess of SBP = the ref-bioprocess of PP then 
for RP = each biorole-post upon the subworkspace of SBP do 

if the ref-bioreservoir of RP = the master-bioreservoir of SBR then RO = the biorole-object 
connected to RP; 

if RO is a bioreactant then conclude that PO is THE-BIOPOOL-OF-R RO 
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else conclude that PO is THE-BIOPOOL-OF-P RO; 
if the basal-density of PO /= 9.9e-99 then inseri SBR at the end of the bioreservoir list User-BC 
else 

call BASAL-DENSITY-PROC (SBR, panel); 
change the text of the c-panel-text upon BCB to "Sources of values for Basal Concentration within the 

scope of the current simulation"; 
return; 



TABLE 219 



ALT-START-CONC-DMPUT-CALLBACK (button: class button, win: class window, panel: class entry- 
panel) 

BR = the bioreservoir named by the related-item of panel;; 
PO = the biopool upon the subworkspace of BR, 
top = the top-container that is the-container-of-br BR; 
D = the density-entry of PO; 

incr = the CURRE^-SMUIATION-TIME-INCREMENT of panel; 
t = the CURRENT-SIMULATION-TIME of panel; 
C = call get-edit-box-vaiue(panel, "conc-entry-value"); 
if C - 0.0 then go to no-value-routine 

else go to main-routine; .-.3.. 
no-value- routine. 

fd, o, ap, ca = call create-query-dialog ("fd", the symbol none, "No value for the concentration of [the 
related-item of panel] has been entered. If you want to run the simulation with no external input 
then press NONE. If you want an input at time 0, enter the desired value in the box below and press 
INPUT. Otherwise press cancel and enter on the panel and press START again.", "0.0", win, 0, 0); 

conclude that the id of o = "input"; 

conclude that the label of o ■ "INPUT; 

conclude that the id of ap = "none"; 

conclude that the label of ap = "NONE"; 

conclude that the id of ca = "cancel"; 

option = call wait-fbr-dialog (fd, win); 

case option is 

"input": C = call uil-get-query-dialog-value (fd); go to main-routine; 
"none": C = 0.0; go to main-routine; 
"cancel": return; 
main-routine: 

EV = C (molar) • 6.023e23 (molecules/liter) • the volume (liters per top-container) of top; 
disable button; - 
ETtext = call get-edit-box-value(panel, "entry-time"); 
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ET = quantity (ETtext); 

allow other processing; <- 
call START-SIMULATION-PROC (win, panel); 
wait until t >= ET checking every 1 second; 
conclude that DE = EV; 

wait until t >= ET + incr checking every 1 second; 
conclude that DE = 0.0; 
if t > ET + incr then return; 
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ALT-RES ET-SIMULATION-CA LLB ACK (button: class button, win: class window, panel: class entry- 
panel) 

M = the model-definition upon the workspace of button; 
call g2-reset-model (M); 

conclude that the current-simulation-time of panel = 0.0; 
conclude that the current-simulation-time-increment of panel = 0.0; 
if there exists a biomodel that is a-simulated-bm-of M then 
for BM = each biomodel thatisa-simulated-bm-ofM do 1 
allow other processing; 

change the status-color icon-color of BM to medium-aquamarine; - 

conclude that BM is not A-SDVIULATED-BM-OF M; 
if there exists a bm-downstream-bp-simulation-listDBPL upon SW then delete DBPL; - - 
if there exists a down-br-simulation-list DBRL upon SW then delete DBRL; 
if there exists a up-br-simularion-list UBRL upon SW then delete UBRL; 
if there exists a text-pushbutton Is upon SW such that (the id of Is = "Is") then disable ls; 
if there exists a text-pushbutton dr upon SW such that (the id of dr * "dr") then disable dr; 
if there exists a text-pushbutton st upon SW such that (the id of st * "st") then disable st; 
if there exists a text-pushbutton pa upon SW such that (the id of pa = "pa") then disable pa; 
if there exists a text-pushbutton rm upon SW such that (the id of rm = "mi") then disable rm; 
if there exists a text-pushbutton de upon SW such that (the id of de = "de") then enable de, 
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an user-menu-choice 

Label show-bp 
Applicable class biopool-post 

Condition the ref-bioprocess of the item has a value 

Action start POOLPOST-SHOW-BP-PROC (the item, this window) 
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POOLPOST-SHOW-BP-PROC (post class biopoo'-post, win; class window) 
if post has a name then BP = the bioprocess named by the ref-bioprocess of post 
else 

if there exists a bioprocess ABP such that (ABP has no name and the master-bioprocess of ABP has a 

current value and the master-bioprocess of ABP = the ref-bioprocess of post) then 
BP = ABP; 

change the size of the subworkspace of BP to minimum; 
case (the toggle-state of post ) of 
show : 

change the color-pattern of post so that light-color is dim-gray , dark-color is light-gray , white-color 

= the symbol black; 
conclude that the toggle-state of post is hide; 
case (the class of post) of 
biopool-p-post show the subworkspace of BP on W at full scale with its center 280 units above the 

center of the screen; 

biopool-r-post: show the subworkspace of BP on W at full scale with its center 280 units below the 
center of the screen; 

hide: 

change the color-pattern of post so that light-color is light-gray , dark-color is dim-gray , white-color 

= the symbol white; w 
conclude that the toggle-state of post is show; . , : ry . 

hide the subworkspace of BP on W; 
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Class name experiment-selection 
Superior class biotool 
Attributes specific to class label is ""; 

ref-bioreservoir; 

amount-entry is 0.0; 

factor-entry is 0.0; 

time-entry is 0 seconds; 

currently-selected has values true or false (default is FALSE) 
Class restrictions unless in developer, or modeler mode: selecting any experiment-selection 

implies table 

Attribute displays label offset by (-37, 12) 

Icon description experiment-selection-pattern (width 70; height 40; dark-color , light-color , 

type-color , white-color 



316 



W 96/22575 



PCT/US96/00883 



TA3LE223 



BR-SCROLL-CALLBACK (tracer, class br-scroll-tracer, win: dass window, dig: class entry-panel) 
create a workspace display by cloning the SW of BR -SCROLL; 
make display the SW of tracer; 
create a text-list BRNL; 
for each bioreservoir BR with a name do 

insert "<the name of BR>" at the end of the text list BRNL; 
add each message in list BRNL to the scroll-area upon display; 
change the size of display to minimum; 
show display on win at the bottom right corner of the screen; . 

delete BRNL; 
return 
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□ass name process -button 

Superior class action-button 

Attributes specific to class action-proc-name is PROCESS-EXPER-CALLBACK 
Icon description process-button-pattern (width 80; height 30) 

PROCESS-EXPER-CALLBACK (button: class pushbutton, win: dass window, panel: class entry-panel) 
SW = the subworkspace of panel; 
M = the model-definition upon SW; 
create a downstream-bioreservoirs-list BRL; 
transfer BRL to SW at (-370, -335); 
create a experiment-selections-list SL; 
transfer SL to SW at (-275, -335); 
create a downstream-bioprocesses-list BPL; 
transfer BPL to SW at (-180, -335); 
create a scroll-text-list PSML; 
for ES = each experiment-selection upon SW do 
allow other processing; 

if the text of the ref-bioreservoir of ES /= "none" and the text of the currently-selected of ES = "true" then 

insert ES at the end of the experiment-selection list SL; 

BR = the bioreservoir named by the ref-bioreservoir of ES; 

call FILL-BR-DOWNSTREAM-USTS-PROC (BR, BRL, BPL, win); 
for DBP = each bioprocess in BPL do — 
tor DBM = each biomodel that is the-container-of-bp DBP do 
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if DBM is not a bioreservoir-bin then 
insert "|the name of DBMf at the end of the text list PSML; 
for DBP - each bioprocess in BPL do 
for DBMT = each text in PSML do 
DBMN = symbol(DBMT); 
DBM = the biomodel named by DBMN; 

if DBM is not the-container-of-bp DBP then remove DBMT from the text list PSML; 
for DBMT = each text in PSML do 

DBMN = symbol (DBMT); 

DBM ° the biomodel named by DBMN; 
sa = call create-scroU-area-rrom-list {"select-biomodel-scroll", 5, PSML, panel, -270, -228); 
change the text of the id of sa to select^biomodel-scrol!; 
conclude that the allow-unselea-on-selected-message of sa is true; 
conclude that the ailow-multiple-simultaneous-selections of sa is true; 
change the text of the message-selection-method of sa to MESSAGE-SELECTION; 
change the text of the message-unselectiorvmethod of sa to MESSAGE-UNSELECTION; 
if there exists a text-pushbutton Is upon SW such that (the id of Is = Is") then disable Is; 
if there exists a text-pushbutton d upon SW such that (the id of cl = "d") then enable d; 
disable button; , 
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CLEA R-EXPER-C A LLB ACK (button: pushbutton, win: class window, pand: class entry-panel) 
SW = the subworkspace of panel; 
if there exists an g2-list upon panel men 
for L = each g2-list upon panel do 
delete L; 

if there exists a uil-scroll-area sa upon pand such that (the id of de = "sdect-biomodel-scroll") then 
delete sa; 

if there exists a text-pushbutton pr upon SW such that (the id of pr = "pr") then enable pr; 
disable button; 
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L1ST-EXPER-CALLBACK (button: dass pushbutton, win: class window, pand: class entry-pand) 
SW = the subworkspace of panel; 

M: class model-definition = the model-definition upon SW; 
DBRL = the downstream-bioreservoirs-list upon SW; 
DBPL= the downstream-bioprocesses-list upon SW; 
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UBRL = the up-bioreservoirs-list upon SW; 
n: integer = 0; 

if there exists a scroll-area sa upon SW such that (the id of sa = "sa") then 
if not (there exists an message-object that is a -select ed-message-of sa) then 

go to no-entry-routine 
else 

create a bm-downstream-bp-simulation-list CDBPL; 
create a down-br-simulation-list CDBRL; 
create an up-br-simulation-list CUBRL; 

call READ-SCROLL-PROC (DBRL, DBPL, UBRL, CDBRL, CDBPL, CUBRL, win, panel); 

transfer CDBPL to SW at (-90, -350); 

transfer CDBRL to SW at (-35, -350); . 

transfer CUBRL to SW at (20, -350); 
if there exists a text-pushbutton hi upon SW such that (the id of hi = "hi") then disable hi; 
disable button; 
return; 

no-entry-routine: 

md - call uil-create-message-dialog ("md", "No bioModel has been selected for this experiment. 

Click on the ? button for help, follow the instructions and click on LIST again", win, 0, 0); 
return, 
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DRAW-EXPER-PATHW AY-CALLBACK (button: class button, win: class window, panel: class entry- 
panel) 

WS = the subworkspace of panel; 

EL = the experiment-selections-list upon WS; 

DBPL = the bm-downstream-bp-simulation-list upon WS; 

init-x: integer = - 50; 

if there exists a c-navig-path-tracer upon WS then . 
for NT = each c-navig-path-tracer upon WS do 
delete NT; 

create a navig-path-tracer NT by cloning MASTER-N AV1G-PATHWAY; 

transfer NT to WS at (30, -240); 

SW = the subworkspace of NT; 

x = the x-pos upon SW; 

y = the y-pos upon SW; 

conclude that y = 120; 

show WS at half scale with its bottom right comer at the bottom right corner of the screen; 

show SW at three-quarter scale with its top left corner 50 units below the top left comer of the screen; 
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can CO NI FIGURE -PATH-TRACER-PROC (NT, win); 

for E = each experiment-selection in EL do 

allow other processing; 

n = n + l; 

conclude that x = init-x + 110 * (n - 1); 
conclude that y = y - 100; 

BR = the bioreservoir named by the ref-bioreservoir of E; 

if there exists a bioprocess that is a-down-bioprocess-of BR then 

conclude that the status of BR is selected-for-input; 

BT = the biomod el- title upon SW; 

conclude that the label of BT = "(the label of BT): [the label of BR]"; 
create a bioreservoir LBR by cloning BR; 
transfer LBR to SW at (x, y); 
conclude that y = y - 40; 

fbT DBP = each bioprocess that is a-down-bioprocess-of BR do 
allow other processing; 
conclude that x = x + 110; 
create a bioprocess LDBP by cloning DBP; 
transfer LDBP to SW at (x, y); 
r = random (3, 35); 

t = random (20, 76); . . „.•-•_. . 

create a connection connected between LBR newly locating it at right at the position given by r and 
LDBP newly locating it at top at the position given by t with direction output; 

conclude that y = y-40; - - 

call CREATE-LOCAL-EXPER-BP-PROC (DBP, LDBP, SW, win); 
change the size of SW to minimum; 
disable button; 
return 
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CREATE-LOCAL-EXPER-BP-PROC (BP: class bioprocess, LBP: class bioprocess, display: class kb- 
workspace, win: class G2-window) 

define four local integers: p, 1, r, and t ; 

x = the x-pos upon display; y= the y-pos upon display; 

for each bioreservoir BR that is o-down-bioreservoir-o/VP do 
for each bioprocess DBP that is a-dawn-bioprocess^f BR do 

if there is a bioprocess MBP upon SW such that the master-bioprocess of MBP is equal to the master- 

bioprocess of DBP then 
go to connect-BP-routine; 
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else 

conclude that x = x + 110; 
create a bioprocess LDBP by cloning DBP; 
transfer LDBP to display at (x, y); 

create a connection connected between LDP newly locating it at right at the position given by 
random (3, 35) and LDBP newly locating it at top at the position given by random (20, 76) 
with direction output; 
conclude that y = y - 40; 

call CREATE-LOCAL-EXPER-BP-PROC (DBP, LDBP, display, win) 
return, 
COnnect-BP-rou tine 
for each connection C connected to LBP do 

if there exists a connection DC connected to MBP such that DC is the same object as C then return; 
if the x-position of LBP is lower than the x-position of MBP) then 
create a connection of class c-line connected between LBP newly locating it at right at the position 
given by random (3, 35) and MBP newly locating it at bottom at the position given by random (20, 
76) with direction output, with vertices 6 -60 else 
if the x-position of LBP is higher than the x-position of MBP) then 

create a connection of class c-line connected between LBP newly locating it at bottom at the position 

given by (20, 76) and MBP newly locating it at left 52 with direction output, with vertices -GQ; 
call CREATE-LOCAL-EXPER-BP-PROC (DBP, MBP, display, win); 
return 
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ACTTVATE-EXPER-CALLBACK (button: class pushbutton, win: class window, panel: class entry-panel) 
WS = the subworkspace of panel; 
ESL= the experiment-selections-list upon WS; 
DBPL= the bm-downstream-bp-simulation-list upon WS; 
val = local text, 

if the user-mode of win is simulation then 
for ES = each experiment-selection in ESL do 
if the amount-entry of ES = 0.0 and the factor-entry of ES = 0.0 then 

go to no-value-routine 
else 

go to main-routine; 
no- value-routine 

fd = call create-query-dialog ("fd", "No vdlue for the amount-entry or factor-entry of (the label of ES] 
has been entered. If you want to run the simulation with no externa] input then enter YES in the box 
below and press OK. Otherwise, press OK, enter the desired value for this experiment-selection, and 

321 



WO 96/22575 PCT/XJS96/00883 
press ACTIVATE again.", the symbol large, "NO", win. 0, 0); 

val « call get-query-dialog-value (fd); 

if val = "YES" then go to main-routine else return; 
main-routine: 

if the number of elements in DBPL = 0 then go to no-bp-routine 
else 

call ACTTVATE-SIMULATION-PROC (win, panel); 
disable button; 
return; 
no-bp-routine: 

ad = call create-message-dialog fad", "There are no bioProcesses that can be selected for activation", 

win, 0,0); 
return; 
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STAKT-EXPER-CALLBACK (button: class pushbutton, win: class window, dig: class entry-panel) 
panel = the SW of dig; 

call SET-B ASA L-DENSITIES-PROC (win, dig); 
ESL = the experiment-selections-list upon panel; 
define three local quantities EV, FE, and ET; 
M = the model-definition upon panel; 
for ES = each experiment-selection in ESL do 

BR = the bioreservoir named by the ref-bioreservoir of ES; 
EV = the amount-entry of ES; 
FE = the factor-entry of ES; 
ET = the time-entry of ES; 
ifEV/=0.0then 
if BR is a sol-mol-reservoir or BR is a exp-cell-reservoir then 
start CONC-DMPUT-PROC (BR, EV, ET, win, dig) 
else start DENSITY-INPUT-PROC (BR, EV, ET, win, dig) 
else start DENSITY-INPUT-PROC (BR, FE, ET, win, dig); 

start running the model M, conclude that the model-simulation-status of M is running, and inform the 
operator that " The simulation within <the items-belonging-to-this-model of M> has started at <the 
current time as a time stamp>"; 

enable the button upon panel which id is "pa"; 

disable button; 

return 
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CONC-INPUT-PROC (BR- class bioreservoir, C: float , ET: integer, win: class window, dig: class dialog) 
PO = the biopool upon the subworkspace of BR; 
top = the top-container that is the-container-of-br BR; 
define a local float EV; 

if BR is a sol-mol-reservoir or BR is a exp-cell-reservoir then 

EV = C {molar} • 6.023e23 {molecules/liter} * the volume of top {liters} 
t = the current-simulation-time of dig; 
incr. = the current-simulation-time-incrernent of dig; 
wait until t >= ET checking every 1 second; 
conclude that the density-entry of PO = EV; 
wait until t >= ET + incr checking every 1 second; 
conclude that the density-entry of PO = 0.0; 
if t > ET + incr then return 



DENSITY-INPUT-PROC (BR class bioreservoir, D: float , ET: integer, win: class window, dig: class 
dialog) 

PO = the biopool upon the 5W of BR; 

t = the current-simulation-time of dig; 

incr = the current-simulation-time-increment of dig; 

wait until t >= ET checking every 1 second; 

conclude that the density-entry of PO = D; 

wait until t >= ET + incr checking every 1 second; 

conclude that the density-entry of PO = 0.0; 

if t > ET + incr then return; 



RELATIVE-INPTJT-PROC (BR: class bioreservoir, F: float, ET: integer, win: class window, dig: class 
dialog) 

PO = the biopool upon the subworkspace of BR; 

t = the current-simulation-time of dig; 

incr = the current-simulation-time-increment of dig; 

wait until t >« ET checking every 1 second; 

conclude that the scaled-entry of PO = F; 

wait until t >= ET + incr checking every 1 second; 

conclude that the scaled-entry of PO = 0.0; *' 

if t > ET + incr then return; 
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PAUSE-EXPER-CALLBACK (button: class pushbutton, win: class window, panel: class entry-panel) 
SW = the subworkspace of panel; 
M = the model-definition upon SW; 
call g2 -pa use-model (M); 

if there exists a text-pushbutton rm upon SW such that (the id of rm = "rm") then enable rm; 
disable button ; 

RESUME-EXPER-CALLBACK (button: class pushbutton, win: class window, panel: class entry-panel) 
SW = the subworkspace of panel; 
M = the model-definition upon SW; 
call g2-resume-model (M); 

conclude that the model-simulation-status of M is running; 

if there exists a text-pushbutton pa upon SW such that (the id of pa = "pa") then enable pa; 
disable button; 
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RESET-EXPER-CALLBACK (button: class pushbutton, win: class window, panel: class entry-panel) 
SW = the subworkspace of panel; 
M - the model-definition upon SW; 
if the g2-user-mode of win is simulation then 
call RESET-SIMUL-PROC (M, panel); 
call g2-reset-model (M); 

conclude that the current-simulation-time of panel = 0 seconds; 
conclude that the current-simulation-time-increment of panel = 0 seconds; 
else call RESET-NAVIG-PROC (panel); 

if there exists a text-pushbutton st upon SW such that (the id of st = "st") then disable st; 
if there exists a text-pushbutton pa upon SW such that (the id of pa = "pa") then disable pa; 
if there exists a text-pushbutton rm upon SW such that (the id of rm = "rm") then disable rm; 
if there exists a text-pushbutton hi upon SW such that (the id of hi = "hi") then enable hi; 
for md = each uil-message-dialog upon the subworkspace of DIALOG-BIN do 
delete md; 
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What is claimed is: 

1 . A computer system comprising one or more processors coupled to one or more memory components, 
storage devices, displays, and user input devices, further comprising a program stored in said 
memory components for enabling the computer generation of virtual iconic models of complex 
multidimensional systems, wherein said program further comprise: 

• sets of different types of modular domain-specific processes icons, wherein each of said process 
icons represent one the many processes of different types in said complex system, together with 
its inputs and outputs 

• sets of modular domain-specific reservoir icons, wherein each of said reservoir icons represents a 
pool of a single type/state of entity in said complex system, together with its inputs and outputs; 

• a code library comprising means for establishing links between process icons and reservoir icons, 
wherein said links are established between each input component of a process icon and an output 
component of each reservoir icon representing an input source for said process; and wherein said 
links are established between each output component of a process icon and an input component of 
each reservoir icon representing an output target for said process; 

• a code library comprising the means for the integration of alternating layers of said processes 
icons linked to said reservoir icons into multidimensional pathways, wherein each of said 
reservoir icons receives inputs from one or more of said process icons and /or is the source of inputs 
to one or more of said process icons, and wherein each of said process icons receives inputs from one 
or more of said reservoir icons and /or is the source of inputs to one or more of said reservoir icons; 

2. An system based on simulated virtual iconic models of complex processing systems for enabling the 
monitoring and control of the operation of said processing systems, wherein said virtual models 
comprise multidimensional pathways of linked and alternating processes icons and reservoir icons, 
wherein the process icons represent different types of processes in said processing system, together 
with their inputs and outputs, wherein each of said reservoir icons represents a pool of a single 
type/state of entity in said system, together with its inputs and outputs, wherein each of said 
reservoir icons receives inputs from one or more of said process icons and /or is the source of inputs to 
one or more of said process icons, wherein each of said process icons receives inputs from one or more 
of said reservoir icons and /or is the source of inputs to one or more of said reservoir icons, and 
wherein the system further comprises: 

• a computer system comprising one or more processors coupled to one or more memory units, storage 
devices, displays, and user input devices; 

• a reactor, wherein the reactor may comprise any combination of reaction tanks, fermentors, 
bioreactors, or any other domain-specific processing systems, such as ecological habitats, 
environmental systems, manufacturing systems, or work places; 

• one or more monitoring devices linked to said computer system, wherein said devices monitor the 
operation of said reactor, and wherein said devices may comprise any combination of hardware, 
software, or manual data acquisition devices, such as sensors or other devices that measure 
values related to certain entities in the reactor, signal transducers, filters, amplifiers, data 
acquisition boards, appropriate device drivers, or any other required devices; 

• one or more controller devices linked to said computer system, wherein said devices regulate the 
operation of said reactor, such as controlling the flow of certain inputs to the reactor; 
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• an engine icon representing the action performed by the process represented by said process icon; 

• product icons representing the different outputs from the process represented by said process icon, 
wherein each of said product icons is to be linked to one of the input components of a reservoir; 

7. A system as described in any of the preceding claims, wherein each reservoir icon represents a 
composite object with an associated subworkspace, wherein said subworkspace holds a predefined 
set of the modular iconic components of each reservoir icon enabling visual access to each of said 
components, wherein said subworkspace can be displayed or hidden enabling the hiding or visual 
display of said components, and wherein said components of each reservoir icon further comprise: 

• a pool icon representing a pool of a single type/ state of entities; 

• a set of input-connector icons connected to said pool icon, wherein each of said connector icons 
represent each of the inputs to said pool and is to be linked to one of the output components of a 
process; and 

• a set of output-connector icons connected to said pool icon, wherein each of said connector icons 
represent each of the outputs to said pool and is to be linked to one of the input components of a 
process. 

8. A system as described in any of the preceding claims, wherein each of the processes icons and 
reservoir icons of the virtual model encapsulates one or more variables, parameters or values that 
represent quantities, rates, coefficients or other quantitative or symbolic values, enabling to 
distribute the components of the mathematical models or inference models that characterize the 
behavior of the complex system among all its modular components, and further enabling the 
manipulation of any of those values for any icon independently of the others. 

9. A system as described in any of the preceding claims, further comprising libraries of iconic prebuilt 
building-blocks with associated methods for enabling the visual and interactive building of virtual 
models of complex systems, wherein said libraries further comprise: 

• a library of different types of modular domain-specific process icons representing different types 
of domain-specific processes; 

• a library of different types of modular domain-specific reservoir icons representing pools of 
different types of domain-specific entities; and 

• a code library comprising the means for interactively create and link application-specific sets of 
process icons and reservoir icons, enabling the rapid creation or expansion of virtual models. 

10. A system as described in any of the preceding claims, further comprising a program for enabling the 
dynamic generation of interactive iconic displays of the interconnected components of the 
multidimensional pathways of said virtual models, wherein said program further comprise: 

• a graphic user interface with means for enabling the selection or control of said dynamic displays 
of said pathways; and 

• a code library comprising the means for executing the inference processing required for said 
dynamic generation of displays of pathways and other related tasks requested by the user from 
said graphic user interface. 

11. A system as described in any of the preceding claims, further comprising a program for enabling the 
navigation through the components of said virtual models, wherein said program further comprise: 

• a graphic user interface with means for enabling the start or control of said navigation; and 

• a code library comprising the means for executing the inference processing required for said the 
navigation tasks requested by the user from said graphic user interface _ 
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• one or more domain-specific knowledge-bases loaded on said computer system describing virtual 
models of said complex processing systei.is, wherein said virtual models encapsulate variables, 
parameters and values characteristic of said processing systems for enabling the real-time 
simulation of said processing systems, and wherein one or more of said variables represent values 
of certain entities in the reactor; 

• a main program loaded on said computer system, wherein the components of said main program 
comprise 

• monitoring components enabling the use of values monitored in said reactor to provide inputs 
to the simulation components and /or the control components; 

• simulation components enabling the real-time simulation of said virtual models based on the 
information and data contained in said domain-specific knowledge-bases, with or without 
additional inputs from said monitoring components; 

• control components enabling the generation of control signals that are based on said 
simulation of the virtual models, wherein said control signals mayor may not be 
additionally based on inputs from said monitoring components, and wherein said control 
signals are passed to said controller devices for regulating the operation of said reactor. 

• one or more monitoring interfaces loaded on said computer system, wherein said interfaces 
provide software bridges between said monitoring devices and said main program enabling 
passing of values measured for certain entities in the reactor to the corresponding variables 
encapsulated in the virtual models that represent said values being measured; 

• one or more controller interfaces loaded on said computer system, wherein said interfaces provide 
software bridges between said main program and said controller devices enabling passing of 
control signals generated by said main program based on the real-time simulation of said virtual 
models. 

3. A system as described in any of the preceding claims, further comprising location icons representing 
discrete space compartments, enabling to visually organize the large amounts of components of said 
virtual models into multiple encapsulated layers of compartments representing the actual location 
of the entities or processes of the complex systems represented by said components: 

4. A system as described in any of the preceding claims, further comprising time-compartment icons 
representing discrete time compartments, enabling to visually organize the large amounts of 
components of said virtual models into a series of successive compartments representing the actual 
time sequence of ordered sets of the processes of the complex systems represented by said components: 

5. A system as described in any of the preceding claims, further comprising entity icons representing 
the description of representative units of the entities of the pools represented by said reservoir 
icons, wherein said description can be accessed from the reservoir icons. 

6. A system as described in any of the preceding claims, wherein each process icon represents a 
composite object with an associated subworkspace, wherein said subworkspace holds a predefined 
set of the modular iconic components of each process icon enabling visual access to each of said 
components, wherein said subworkspace can be displayed or hidden enabling the hiding or visual 
display of said components, and wherein said components of each process icon further comprise: 

• reactant icons representing the different inputs to said process icon, wherein different types of 
reactant icons represent the different roles that said inputs play as participants in the process 
represented by the process icon, wherein each of said reactant icons is to be linked to one of the 
input components of a reservoir; 
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12. A system as described in any of the preceding claims, further comprising a program for enabling the 
real-time simulation of said virtual models, wherein said program further comprise: 

• a graphic user interface with means for enabling the start or control of said simulation; and 

• a code library comprising the means for executing the inference and simulation processing 
required for said simulation and other related tasks requested by the user from said graphic user 
interface. 

13. A system as described in any of the preceding claims, further comprising a program comprising the 
means to perform mixed-type simulations of said virtual models, combining quantitative, 
semi-quantitative and heuristic methods, enabling the combination of various types of information 
and data of different degrees of precision. 

14. A system as described in any of the preceding claims, further comprising a program comprising the 
means to perform simulations of said virtual models, , wherein said program comprise methods 
capable of reasoning during said simulations about values or events over time 

15. A system as described in any of the preceding claims, further comprising a program for enabling the 
performance of queries based on the different types of components of said virtual models, wherein 
said program further comprise: 

• a graphic user interface with means for enabling the selection of the constraints or the display 
the results of of said queries; and 

• a code library comprising the means for executing the complex inference processing required for 
said queries and other related tasks requested by the user from said graphic user interface. 

16. A system as described in any of the preceding claims, wherein the virtual models of complex systems 
represent chemical systems. 

17. A system as described in any of the preceding claims, wherein the virtual models of complex systems 
represent biological cellular systems. 
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